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TOSHIBA 8-BIT MICROCOMPUTER DATA BOOK PRODUCT LIST 


O 8-BIT MICROPROCESSOR 
TLCS-Z80 FAMILY MPUs 


Minimum Instruction 


[Supply Voltage | V | 


Supply Voltage 


Operating Temp. 
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(Notes) 2X : Operatable under low supply voltage (2.7V (Min) ); 
Postfix M: SOP (Small Outline Package), P; DIP (Dual-in-Line Package) 
T: PLCC (Plastic Leaded Chip Carrier), F: QFP (Quad Flat Package) 


TOSHIBA . 8-BIT MICROCOMPUTER DATA BOOK PRODUCT LIST 


TLCS-Z80 FAMILY PERIPHERALs 


Product | Tpzs4ci0AP-6 | TMPZ84C20AP-6 } TMPZ84C30AP-6 TMPZ84C40AP-6 | TMPZ84C41AP-6 
Name | Tmpz84c10AM-6 | TM PZ84C20AM-6 | TMPZ84C30AM-6 
TMPZ84C10AT-6 | TMPZ84C20AT-6 | TMPZ84C30AT-6 | TMPZ84C40AM-6 | TMPZ84C41AM-6 


Rams [ - | - | - | - | - 
seivenenne [wa] @ [a] * | * [* 
nowofhns [= | wm [wea [wre | 


060489 
TLCS-Z80 


reaeam| ys | 
Supply Voltage 4.5~5.5 


























footie [=| @ | # | * | * 
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(Notes) Postfix P: DIP(Dual-in-line Package); T: PLCC (Plastic Leaded Chip Carrier) 
F: QFP (Quad Flat Package); M: SOP (Small Outine Package) 


TOSHIBA 8-BIT MICROCOMPUTER DATA BOOK PRODUCT LIST 


TLCS-Z80 FAMILY 8MHz VERSION (PERIPHERALS & ASSP) 


Product 
Name | t)ipzgac20ap-8 | TMPZ84C30AP-8 | TMPZ84C40AP-8 | TMIPZ84C41AP-8 | TIMPZ84C42AP-8 


40 

















060489 


sunoiycurenttye [ma [38 | 


(Notes) Postfix P : DIP (Dual-in-line Package) 
F : QFP (Quad Flat Package) 


Minimum Instruction 
pn ee 
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TOSHIBA — 8-BIT MICROCOMPUTER DATA BOOK PRODUCT LIST 


O 8-BIT MICROPROCESSOR 
TLCS-85 FAMILY (1/2) 


) 
Product 
Name TMP8085AP-2 TMP8085AHP-2 TMP8155P-2 TMP8156P-2 TMP8237AP-5 


EB EC 
Operating Temp. | 0~70 

oct [=| © | © | # | # | # 
|Clockrate | MHz 315 3/5 3/5 3/5 3/5 


Series 
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Minimum Instruction 


Cycle Time 







140 


NoofPins | ~ | 28 | | to | ww 
3 3 
Clock rate 2.5 (TRD = 200ns) | (TRD = 200ns) 


060489 
(Note) Postfix P: DIP (Dual-in-line Package) 
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TLCS-85 FAMILY (2/2) 








Series TLCS-85 (CMOS) 





Product | Twps82c51AP-2 | TMP82C51AP-10 TMP82C54P-2 TMP82C55AP-2 





TMP82C53P-2 










TMP82C51AM-2 | TMP82C51AM-10 





TMP82C54M-2 | TMP82C55AM-2 






Supply Voltage am 4.5~5.5 


Operating Temp. ee -40~85 
Ine-otrns [=| |» | =~ | ™ | 
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F-Series TLCS-85 (CMOS) 


a TMP82C55AP-10 | TMP82C255AN-2 | TMP82C265AF-2 | TMP82C59AP-2 
Name 
TMP82C55AM-10 | TMP82C255AN-10] TMP82C265AF-10| TMP82C59AM-2 
Supply Voltage be 4.5~5.5 
Operating Temp. Ts -40~85 


footers [-| [| * [| «© | ™ | « 


060489 
| Series TLCS-85 (CMOS) 
ig eae TMP82C37AP-5 | *TMP82C37BP-8 
Name 

TMP82C37AM-5 | *TMP82C37BM-8 

Supply Voltage ea fips G 
sunplycurenttye. | ma | 5 | 8 
Operating Temp. Pea -40~85 


eofens [=| | «9 


060489 















TMP82C79P-2 








TMP82C79M-2 




















(Notes) *: under development; <> : Hold current; 
Postfix P : DIP(Dual-in-line Package), F : QFP (Quad Flat Package) 
N : Plastic shrink DIP, M: SOP(Small Outline Package) 
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TOSHIBA TMPZ84CO0A 


TMPZ84COOAP-6 / TMPZ84CO0AM-6 / TMPZ84COOAT-6 
TMPZ84COOAP-8 / TMPZ84CO0AM-8 / TMPZ84CO0AT-8 


TLCS-Z80 MPU : 8-BIT MICROPROCESSOR 


1. OUTLINE AND FEATURES 


The TMPZ84COOA is an 8-bit microprocessor (hereinafter referred to as MPU), which 
provides low power operation and high performance. 

Built into the TMPZ84C00A are bus control, memory control and timing control 
circuits in addition to paired 6 general purpose registers, accumulator, flag registers and 
an arithmetic-and-logic unit. 

The TMPZ84CO0A is fabricated using Toshiba’s CMOS Silicon gate Technology. 

The pricipal functions and features of the TMPZ84CO0A are as follows. 





Table 1.1 Operating Frequency and 
Supply Current 


Supply Current (TYP.) 


Operating 
Frequency AT 
ALE STAND BY 


6MHz 15mA 0.5pA 
8MHz 20mA 0.5pA 
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Produce Name 










TMPZ84COOAP- 
6/AM-6/AT-6 


TMPZ84COOAP- 
8/AM-8/AT-8 






(1) Commands compatible with the Zilog Z80 MPU. 
(2) Low power consumption 
(3) DC to 8MHz operation (at 5V+10%) 
(4) Single 5V power supply (65V + 10%) 
(5) Operating temperature (— 40°C to 85°C) 
(6) Powerful set of 158 instrucitons available 
(7) Powerful interrupt function 
(a) Non-maskable interrupt terminal (NMI) 
(b) Maskable interrupt terminal (INT) 
The following 3 modes are selectable: 


@ 8080 compatible interrupt mode (interrupt by Non-Z80 family peripheral LSI) 
(Mode 0) 
e Restart interrupt (Mode 1) 
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@ Daisy chain structure interrupt using Z80 family peripheral LSI (Mode 2) 


(8) 
(9) 
(10) 
(11) 
(12) 


An auxiliary resister provided to each of general purpose registers 
Two index registers | 

10 addressing modes 

Built-in refresh circuit for dynamic memory 


Molded in 40-pin DIP package (P), 40-pin SOP package (M) and 44-pin PLCC 
package (T). | 


- Further, in the following text and explanations for charts and tables, hexadecimal 


numbers are directly used without giving an identification to explanation of 
address, etc. to the extent not to cause confusions. 


Note: Z80 isa trademark of Zilog Inc., U.S.A. 
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2. PIN ASSIGNMENT AND FUNCTIONS 


The pin assignment and I/O pin names and brief functions of TMPZ84CO00A are 
shown below. 


2.1 PIN ASSIGNMENT (TOP View) 
The pin assignment of the TMPZ84CO0A are as shown in Figure 2.1 and Figure 2.2. 





Ait} 40 0 A10 
Ai2[}2 39 [1 A9 
A130}3 38 [1 A8 
A14(}4 37 [1 A7 
A155 36 [1 A6 
CLKO6 35 [1 A5 
paa7 3411 a4 
p38 33043 
p5 {19 32 a2 
D6 [| 10 31 [0 At 
Vee 14 30 [1 Ao 


p2[} 12 29 [1 Vss 
p7 [| 13 28 0) RFSH 
pot] 14 27 0 Mt 
















DpD1Q)15 26 {] RESET 
INT 25 [] BUSREQ S 
NMI 24 0 WAIT 4 
HALT 23 1] BUSACK = 
MREQ 22 1 WR pepe 
TORQ 217 RD 
060489 
Figure 2.1 DIP, SOP Pin Assignment Figure 2.2 PLCC Package Pin Assignment 
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2.2. PINNAMES AND FUNCTIONS 
I/O pin names and functions are as shown Table 2.1. 


Table 2.1 Pin names and Functions (1/2) 


’ Q'ty , | 
(Number) 
DO-D7 Input/output | The 8-bit bi-directional data bus. 
3-state 


A0-A15 ~ Output The 16-bit address bus. 
3-state These pins specify memory and !/O port 
addresses. During a refresh cycle, the refresh 
address is output. 


Output The Machine Cycle 1 signal. 


In an operation code fetch cycle, this pin goes 
1 Output 
3-state 


“0” with the MREQ signal. At the execution of a 
RD 
WR Output 
3-state 


2-byte operation code, this pin goes “0” for each 
Output 
3-state 


operation code fetch. In a maskable interrupt 
1 Output 
3-state 











































acknowledge cycle, this pin goes “0” with the 
IORQ signal. 





The Read signal. It indicates that the MPU is 
ready for accepting data from memory or I/O 
device. The data from the addressed memory or 
/O devices is gated by this signal onto the MPU 
data bus. 





The Write signal. This signal is saolt when the 
data to be stored in the addressed memory or I/O 
device is on the data bus. 











The Memory Request signal. When the 
execution address for memory access is on the 
address bus, this pin goes “0” . During a memory 
refresh cycle, this pin also goes “0” with RFSH 

signal. 









The Input/Output Request signal. This pin goes 
“0” when the address for an I/O read or write 
operation is on the low-order 8 bits (AO through 
A7) of the address bus. The lORQ signal is also 
output with the M1 signal at interrupt 
acknowledge to tell an I/O device that the © 
interrupt response vector can be placed on the 
data bus. 








The Single-phase Clock Input. 
When the clock input is placed in the DC state 
(continued “1" or “OQ” level), this pin stops 
operating and holds the state of that time. 
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(2/2) 
Q’ty 
P| owmdag | tee [rien 


The Reset signal input. 

RESET signal is used for initialization MPU and 
must be kept in active state (“0" ) fora period of 
at least 3 clocks. 









The Maskable Interrupt signal. An interrupt is 
caused by the peripheral LSI. An interrupt is 
acknowledged when the interrupt enable flip- 
flop (IFF) isset to “1” by software. 

The INT pin is normally wire-ORed and requires 
an external pullup resistor for these applications. 















The Wait Request signal. This signal indicates to 
the MPU that the addressed memory or I/O 
device is not ready for data transfer. As long as 
this signal is “0”, the MPU is in the Wait state. 









The bus Request signal. The BUSREQ signal 
forces the MPU address bus, data bus, and 
control signals MREQ, lIORQ, RD, and WR to be 
placed in the high-impedance state. This signal is 
normally Wire-ORed and requires an external 
pullup resistor for these applications. 
















Output 


- ~ 


The Bus Acknowledge signal. In response to the 
BUSREQ signal, the BUSACK signal indicates to 
the requesting peripheral LSI that the MPU 
address bus, data bus, and control signals MREQ, 
IORQ, RD and WR have been put in the high- 
impedance state. 










The Halt signal. This pin goes “0” when the MPU 
has executed a Halt instruction and is in the Halt 
state. 










= 
ge 
ral 
cfr 


The refresh signal. When the dynamic memory 
refresh address is on the low-order 8 bits of the 
address bus, this signal goes “0” . Atthe same 

time, the MREQ signal also goes active (“0”). 

















The Non-maskable Interrupt Request signal. 
This interrupt request has a higher priority than 
the maskable interrupt and is not dependent on 
the interrupt enable flip-flop (IFF) state. 














NC 
(PLCC only) 
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3. FUNCTIONAL DESCRIPTION 


The system configuration, functions and basic operation of the TMPZ84CO0A are 
described here. 


3.1 BLOCK DIAGRAM 


The block diagram of the internal configuration is shown in Figure 3.1. 


Address bus output circuit 


Flag (F) Flag (F’) 
5 aie 





= i | Biregister_| 
| | Cregister | C'register__| 
< 
gL\ | Eregister | 
us rs 
< Ee 
= é register 
ea e IX register $V 5c 
S Zz 
Zz = lY register 
Stack pointer (SP) 
WY 
= 
roa] 
< 
q 
se - 
7 a_i Lu 
Instruction S) 2 
decoder ge 
Zw 
OZ 
UO wi 
O 
U 
— ana Panaracer 
Data I/O V/O Control 2 x ~<—— RESET 
IFE1 | IEF2 Control Control ona a G RESH 
2 MT 





Contro! bus controller 





| 


MI INT IOR HALT WAIT  MREQ RD WR = BUSREQ BUSACK 
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Figure 3.1 Block Diagram 
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3.2 SYSTEM CONFIGURATION 


The MPU has the configuration shown in Figure 3.1. The address signal is put on the 
address bus via the address buffer. The data bus is controlled for input or output by the 
data bus interface. Both the address and data buses are put in the high-impedance state 
by the BUSEQ signal input to make them available for other peripheral LSIs. The 
Opcode read from memory via the data bus is written to the instruction register. This 
Opcode is decoded by the instruction decoder. According to the result of the decoding, 
control signals are sent to the relevant devices. Receiving these control signals, the 
ALU performs arithmetic operations. The register array temporarily hold the 
information required to perform operation. 

The following describes the MPU’s main components and functions which the user 
must understand to operate the TMPZ84CO00A. 











[1] Internal Register Groups 
The configuration of the internal register groups is as follows: 
(1) Main registers 
A, F, B,C, D, E, H, L 
(2) Alternate registers 
A’, F’, B’, C’, D’, EB’, H’, L’ 





(3) Special purpose registers 
I, R, [X, TY, SP, PC 


Figure 3.3 shows the configuration of the internal register groups. The register 
groups, each being of a static RAM, consists of eighteen 8-bit registers and four 16-bit 
registers. The following describes the function of each register: 


(1) Main registers (A, F, B, C, D, E, H, L) 
(a) Accumulator (A) 


The accumulator is an 8-bit register used for arithmetic and data transfer 
operations. 


(b) Flag register (F) (see Fig. 3.2) 


The flag register is an 8-bit register to hold the result of each arithmetic 
operation. Actually, the 6 of the 8 bits are set (“1”)/reset (“0”) according to the 
condition specified by an instruction. 
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MSB LSB 
7 6 


5 4 3 2 1 0 


Figure 3.2 Flag Register Configuration 


(*= Undefined) 
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The following 4 bits are directly available to the programmer for setting the jump, 
call and return instruction conditions: 


MS LSB MSB LSB 
7. 07 0 


Accumulator Flag reister 
A F 


register 


Accumulator Flag reister 
A’ F’ 


Alternate register 





MsB LSB 
1 Q | Special register 
Index register 


5 
Index register lY 
l SP 






General-purpose 


Program counter PC 
060489 
Figure 3.3 Flag Register Configuration 
e Sign flag (S) 


When the result of an operation is negative, the S flag is set to “1”. Actually, 
the content of bit 7 of accumulator is stored in this flag. 


r Zero flag (Z) 


When all bits turn out to be “0” s after operation, the Z flag is set to “1”. 
Otherwise, it is set to “O”. 
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With a block search instruction (CPI, CPIR, CPD or CPDR), the Z flag is set to 
“1” if the source data and the accumulator data match. 

With a block I/O instruction (INI, IND, OUTI or OUTD), the Z flag is set to “1” if 
the content of the B register used as the byte counter is “0” at the end of 
comparison. 





e Parity/overflow flag (P/V) 





This flag has two functions. One is the parity flag (P) that indicates the result of 
a logical operation (AND A, Betc. ). The P flag is set to “1” if the parity isevenasa 
result of the operation on signed values by two’s complement. It is reset to “O” if 
the parity is odd. With a block search instruction (CPI, CPIR, CPD or CPDR) anda 
block transfer instruction (LDI or LDD), the P flag indicates the state of the byte 
counter (register pair B and C). It is set to “1” if the byte counter is not “0” and 





reset to “0” when the byte counter becomes “0” (at the end of comparison or data 
transfer). The content of the interrupt enable flip-flop (IFF) is saved to the P flag 
when the contents of the R register or I register are transferred to the accumulator. 

The other use of the P/V flag is the overflow flag (V) that indicates whether an 
overflow has occurred or not as a result of an arithmetic operation. The V flag is 
set to “1” when the value in the accumulator gets out of a range of the maximum 
value +127 and the minimum value —128 and therefore cannot be correctly 
represented as a two’s complement notation. 

Whether the P/V flag operates as the P flag or V flag is determined by the type 
of the instruction executed. 


e Carry flag (C) 


The C flag is set to “1” if a carry occurs from bit 7 of the accumulator or a borrow 
occurs as a result of an operation. 

The following two flags are not available to the programmer for the test and set 
(“1”)/reset (“O”) purposes. They are internally used by the MPU for BCD 
arithmetic operations. 


o Halfcarry flag (H) 


The H flag is used for holding the carry or borrow from the low-order 4 bits of 
a BCD operation result. When a DAA instruction (decimal adjust) is executed, 
the MPU automatically uses the H flag to adjust the result of a decimal addition 
or subtraction. | 


o Add/subtract flag (N) 


In BCD operation, algorithm is different between addition and subtraction. 
The N flag indicates whether the executed operation is addition or subtraction. 
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(2) 


(3) 
(a) 


For change of the flag state depending on the instruction, see 3.4 
“TMPZ84CO0A Instruction Set” . 


General-purpose registers (B, C, D, E, H, L) 


General-purpose registers consist of 8 bits each. They are used as 16-bit register 
pairs (BC, DE, HL) as well as independent 8-bit registers to supplement the 
accumulator. The B register and the register pair BC are used as counters when a 
block I/O, block transfer, or search instruction is executed. The register pair HL 
has various memory addressing features as compared with the register pairs BC 
and DE. 


Alternate registers (A’, F’, B’, C’, D’, E’, H’, L’) 


The configuration of the alternate registers is exactly the same as that of the 
main registers. There is no instruction that handles the alternate registers 
directly. The data in the alternate registers are processed by moving them into the 
main registers by means of exchange instructions as shown below: 


EX AF, AF’ (AoA’, FoF’) 
EXX (BoB’, CoC’, DeD’, FoR’, HoH’, LoL’) 


When a high-speed interrupt response has been requested within the system, 
these instruction can be used to quickly move the contents of the accumulator, flag 
registers, and general-purpose registers into the corresponding registers. This 
eliminates the need for transferring the register contents to/from the external 
stack during execution of the interrupt handling routine, thereby shortening the 
interrupt servicing time greatly. 


Special purpose registers (I, R, 1X, 1Y, SP, PC) 
Interrupt page address register (I) 


The TMPZ84CO0A provides two kinds of interrupts :maskable interrupt (INT) 
and non-maskable interrupt (NMI). The maskable interrupt provides three modes 
(0, 1, and 2) in which the interrupt is handled. These modes can be selected by 
instructions IMO, IM1, and IM2 respectively. In Mode 2, any memory location can 
be called indirectly depending on the interrupt. For this purpose, the I register 
stores the high-order 8 bits of the indirect address. The low-order 8 bits are 
supplied from the interrupting peripheral LSI. This scheme permits calling the 
interrupt handling routine from any memory location in an extremely short access 
time. For the details of interrupts, see [4] “Interrupt Capability”. 
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(b) 


(c) 


(d) 


Memory refresh register (R) 


The R register is used as the memory refresh counter when the dynamic RAM is 
used for memory. This permits using of the dynamic memory in the same manner 
as the static memory. The Low-order 7 bits of this 8-bit register is automatically 
incremented for each instruction fetch. While the MPU decodes and executes the 
fetched instruction, the contents of the R register are synchronized with the 
refresh signal to place the low-order 8 bits on the address bus. This operation is all 
performed by the MPU and, therefore, dose not need a special processing by 
program. The MPU operation is not delayed by this operation. During refresh, the 
contents of the I register are placed on the high-order 8 bits of the address bus. 


Index registers (IX, IY) 


The two independent index registers [IX and IY hold the 16-bit base address 
when used in the index addressing mode. In this addressing mode, the memory 
address obtained by adding the contents of an index register to the displacement 
value (for example, LD IX+40H) is specified. This mode is convenient for using 
data tables. Also these registers can be used separately for memory addressing 
and data retaining registers. 


Stack pointer (SP) 


The stack pointer is a 16-bit register to provide the start address information in 
the stack area in the external RAM. The content of the stack pointer is 
decremented at the execution of a CALL instruction or PUSH instruction or 
interrupt handling and is incremented at the execution of a return instruction or 
POP instruction. At the execution of a CALL instruction or interrupt handling, 
the current content of the program counter is saved into the stack. At the 
execution of a return instruction, the content is restored from the stack to the 
program counter. These operations are all performed by the MPU automatically. 
However, the other registers are not saved or restored automatically. For the 
storing of the contents of these registers, an exchange instruction (EX or EXX) for 
alternate register, a PUSH or a POP instructions must be used. When a PUSH 
instruction is executed, the contents of the specified register are saved into the 
stack. When a POP instruction is executed, the contents of the stack are moved to 
the specified register. 

These data are restored on a last-in, first-out basis. Use of the stack permits 
processing of multiple-level interrupts, deep subroutine nestings, and various data 
manipulation very easily. The stack pointer is not initialized in the hardware 
approach. Therefore, it is required to allocate the stack area in RAM to specify 
initialization (at the highest address of the stack area) in the initial program. 
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(e) 


(ex) 
| MEMORY The contents of the SP 
MEMORY ADDRESS | 
: c (HEX) 
LOWER o = 1230 CALL 1500H FFF1 
: 1 v : : 
FFEB @ = 3 3 
— Oo : : 
rere o a 1500 PUSH AF FFEF ; A=05, F=23 
FFED © - 1501 PUSH BC FFED ; B=B2, C=CO 
FFEE : = : : 
a a 
FFEF a 
FFFO : : 
1600 POP BC FFEB 
eee | 1601 POP AF FFED 





1602 RET — PREF 


The foregoing example shows the stack pointer and stack operations in which 
the instructions starting with the CALL at address 1230H and ending with the 
RET at address 1602H have been executed. However, it is assumed that there is no 
instruction or interrupt other than shown above that uses the stack during the 
execution. When the value the stack pointer before executing the CALL 
instruction at address 1230H indicates address FFF1H, address 1233H is stored at 
addresses FFFOH and FFEFH because the CALL instruction consists of 3 bytes, 
then the stack pointer is decremented. Similarly, the data are saved or restored 
sequentially according to the instructions. These stack and stack pointer 
operations are all performed automatically. 


Program counter (PC) 


The program counter holds, in 16 bits, the memory address of the instruction to 
be executed next. The MPU fetches the instruction from the memory location 
indicated by the program counter. When the content of the program counter is put 
on the address bus, the program counter is incremented automatically. However, it 
is not incremented with a jump instruction, a call instruction, or interrupt 
processing. Instead, the specified new address is set on it. With a return 
instruction, the content restored from the stack is set on the program counter. 
These operations are all performed automatically and therefore, no care is 
required for programming. 
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[2] Halt Capability 


When a HALT instruction has been executed, the MPU is put in the halt state. The 
halt capability can be used to halt the MPU against the external interrupts, thereby 
reducing the power dissipation. In the halt state the states of MPU’s internal registers 
are retained. The halt state is cleared by reset or when an interrupt is accepted. For the 
details of halt operation, see [3] “Basic Timing”. 


(1) Halt operation 


When a HALT instruction has been executed, the MPU sets the HALT signal to 
“0” to indicate that the MPU is going to be put in the halt state. Actually, the 
MPU in the halt state automatically continues executing NOP instructions if there 





is the system clock input. However, the program counter is not incremented. This 
keeps the refresh signal generated when the dynamic memory is used. During 
halt, the MPU’s internal states are retained. By using TLCS-Z80’s clock 
generator/controller (TMPZ84C60P or TMPZ84C61AP), the clock input control for 
these halt operations is realized easily. 


(2) Releasing the halt state 


The halt state is cleared by accepting an interrupt (the INT or NMI signal 
input) or by reset (the RESET signal input). When an interrupt is accepted, the 
halt state is cleared and the interrupt handling routine is executed. However, a 
maskable interrupt (INT) cannot be accepted unless the interrupt enable flip-flop 
(FF) is set. 

Note that when the halt state is cleared by the RESET signal, the MPU is reset 
and the program counter is set to “0”. | 


[3] RESET Signal 





Holding the RESET pin at the low level (“0”) under the following conditions, the 
MPU’s internal states are reset: 


(1) The supply voltage level is within the operational voltage range. 
(2) System clock stabilization. 


(3) Holding the RESET signal at the low level (“0”) for at least 3 full clock cycles. 
When the RESET signal goes high (“1”), the MPU starts executing instructions 
from address OOOOH after at least 2T state dummy cycles. 

When reset, the MPU performs the following processing: 


(1) Program counter 


OOOOH is set. 
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(2) Interrupt 


The interrupt enable flip-flop (IFF) is reset to “0” to disable the maskable 
interrupt. For the maskable interrupt processing, mode 0 is specified. 


(3) Control output 


All control outputs are made inactive (“1”). Therefore, the halt state is also | 
cleared. | 


(4) Interrupt page address register (I register) 
The content of the R register becomes 00H. 
(5) | Refresh register (R register) 
The content of the R register becomes 00H. 


The contents of the registers other than above and the external memory do not 
change. 
Therefore, they must be initialized as required. 


[4] Interrupt Capability 


The interrupt capability is used to suspend the execution of the current program and 
execute the processing of the requested peripheral LSI. Normally, this interrupt 
processing routine contains the data exchange and transfer of status and control 
information between the MPU and the peripheral LSI. When this routine has been 
completed, the MPU returns to the active state before the interrupt has been accepted. 

The TMPZ84C00A provides the non-maskable interrupt (NMI) and maskable 
interrupt (INT) capabilities which are detected by the NMI and INT interrupt request 
signals, respectively. A non-maskable interrupt, when caused by a peripheral LSI, is 
accepted unconditionally. This interrupt is used to support critical functions such as the 
protection of the system from unpredictable happening including power failure. A 
maskable interrupt can be enabled or disabled by program. For example, if the timer is 
used and, therefore, an interrupt is not desired, the system can be programmed to 
disable the interrupt. Table 3.1 lists the processing by interrupt source. 
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(1) 


Interrupt enable/disable 


A non-maskable interrupt cannot be disabled by program, while a maskable 
interrupt can be enabled or disabled by program. The MPU has the interrupt 
enable flip-flop (IFF). A maskable interrupt can be enabled or disabled by setting 
this flip-flop to “1” (set) or “0” (reset) through an EI instruction (enable) or a DI 
instruction (disable) in program. Actually, the IFF consists of two flip-flops IFF1 
and IFF2. IFF1 is used to select between the enable and disable of a maskable 
interrupt. IFF2 holds the state of IFF1 before a maskable interrupt has been 
accepted. Both IFF1 and IFF2 are reset to “0” when any of the following conditions 
occurs, disabling an interrupt: 


MPU reset 
Execution of DI instruction 
Acceptance of maskable interrupt 


Both IFF1 and IFF2 are set to “1” when the the following condition occurs, 
enabling an interrupt: 


Execution of EI instruction 


Actually, the waiting maskable interrupt request is accepted after the 
execution of the instruction that follows the EI instruction. 
This delay by one instruction is caused by accepting an interrupt after completion 
of the execution of a return instruction if the instruction following the EI 
instruction is a return instruction. 
In the above operation, the contents of IFF1 and IFF2 are the same. 
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pean “tae 3.1 Processing by Interrupt Source 


Interrupt 
} Interrupt source Source Ponty Programmed condition Vector address return 
instruction 
Non-maskable interrupt None | Address 66H - RETN 
(the falling edge of NMI) 


Instruction from 


ModeO peripheral LSI. (Note) 
Normally, CALL or RST RET I 




















| Maskable interrupt (INT 


becomes “0” at 











instruction. 


Mode1_ |Address 38H. 


The address indicated by 


instruction's last clock) 








the data table (memory) 
at the address specified 






by | register (high-order 
8 bits) and data from 






peripheral LSI (low- 
order 8 bits, LSB = “0"). 
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Note: Mode 0 applies when the instruction from peripheral LSI is CALL or RST instruction. 


Parity-flag 


(RETN) (LD A, lor LD A, R) 






(Determination of 
actual INT enable (For holding IFF1) 
/disable) | 


Executed instruction 
0 0 : MPU reset 

Dl.instruction 

INT acceptance 


1 1 :  Elinstruction 
RETN instruction 
when IFF2 = 1. 
0 state of IFF1 : NMI acceptance 
’ before NMI 
acceptance 
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Figure 3.4 Interrupt Enable Flip-Flop (IFF) 
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When a non-maskable interrupt has been accepted, IFF1 is reset to “O” (interrupt 
disable) until an EI or RETN instruction is executed, so as to prevent from accepting the 
next interrupt. For this purpose, the state (interrupt enable/disable) of IFF1 
immediately before non-maskable interrupt acceptance must be stored. This state is 
copied into IFF2 upon acceptance of a non-maskable interrupt. The content of IFI2 is 
copied into the parity flag at the execution of the following instructions, so that the 
copied data can be tested or stored: 


® The load instruction (LD A, I) to load the contents of the I register into the 
accumulator. 


e The load instruction (LD A, R) to load the contents of the R register into the 
accumulator. 





When the return instruction (RETN) from the non-maskable interrupt is executed, 
the contents of the current IFF2 are copied back to IFF1. If an operation which changes 
the contents of IFF2 (due to the execution of EI or DI instruction, for example) has not 
been performed during interrupt handling, IFF1 automatically returns to the state 
immediately before the interrupt acceptance. Table 3.2 lists the states of IFF1 and IFF2 
after execution of interrupt-related instructions. 


Table 3.2 State of IFF1 and IFF2 


NPU reset 
EI 

NMI acceptance 
LD A, | 

RETN 

LDA,R 

INT acceptance 
RET 

El 

NMI acceptance 
DI 
RETN 


Note : *=no change 060489 











© 
© 














Parity flag<-lFF2 
[FF 1<-IFF2 
Parity flag<IFF2 


e+eoo-- *O * =|] * OO = 
*¥*o- — * C pee 9 ss ee 





(2) Interrupt processing 


With a non-maskable interrupt, the internal NMI flip-flop is set to “1” on the 
falling edge of the interrupt signal, NMI. The state of this flip-flop is sampled on 
the rising edge of the last clock of each instruction to accept an interrupt. A 
maskable interrupt is accepted if the interrupt signal INT is low (“0”) on the rising 
edge of the last clock of each instruction and the interrupt enable state [FF =1 and 
BUSREQ signal=inactive (“1”)) is on. The following is the processing to be 
performed after a non-maskable interrupt and a maskable interrupt are accepted: 
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(a) 


Non-maskable interrupt (NMI) 


When a non-maskable interrupt has been accepted, the MPU performs the 
following processing: 


The internal NMI flip-flop is reset to “0”. 
IFF1 is reset to “0”, disabling the maskable interrupt. 


The contents of the IFF1 immediately before the interrupt acceptance are copied 
into the IFF2. 


The contents of the current program counter are saved into the stack. 


The instructions starting from non-maskable interrupt vector address 66H are 
executed. 


A non-maskable interrupt processing program terminates after executing the RETN 


instruction. This return instruction performs the followings: 


1 
2 


(b). 


The contents of the current IFF2 are copied into IFF1. 
The contents of the program counter are restored from the stack. 


Acceptance of non-maskable interrupt (NMI) 


Execution of ordinary program 


Service routine 
Address 0066H Execution of RETN instruction 
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Figure 3.5 Non-Maskable Interrupt Processing 
Maskable interrupt (INT) 


When a maskable interrupt has been accepted, the MPU performs the following 
processings: | 


Both IFF1 and IFF2 are reset to “0”, disabling the maskable interrupts. 
The contents of the current program counter are saved into the stack. 


A maskable interrupt is serviced in one of the three modes 0, 1 and 2. A mode is 
selected by executing the instruction IMO, IMlor IM2 before the interrupt is 
serviced. The instructions are executed starting from the vector address 
corresponding to the selected mode. 
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@ Mode 0 


In mode 0, the interrupting peripheral LSI puts a restart instruction (RST) ora 
call instruction (CALL) on the data bus and the MPU executes the interrupt 
service routine according to that instruction. At reset, this mode is automatically 
set. 


Acceptance of interrupt in mode 0 


Execution of ordinary program 









Execution of 
RETI instruction 





Address specified by 
CALL or RST instruction 
from peripheral LSI. 
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Figure 3.6 Interrupt Processing in Mode 0 
e Mode 1 


When an interrupt is accepted in mode 1, restart is performed from address 
0038H. Therefore, the service routine for this interrupt is programmed from the 
address 0038H . 


Interrupt in mode 1 


Execution of ordinary program 


Service routine 
Address 0038H Execution of RETI instruction 
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Figure 3.7 Interrupt Processing in Mode 1 
® Mode 2 


The interrupt processing in mode 2 requires a 16-bit pointer consisting of the 
high-order 8 bits of the I register and the low-order 8 bits (with the LSB=”0”) of 
the data fetched from the TLCS-Z80 family peripheral LSI. Therefore, the 
necessary value must be loaded in the I register beforehand. This pointer is used to 
specify the memory address in the table. The contents of the specified address and 
the next address provide the start address of the service routine. Therefore, use of 
this mode requires the table of the service routine’s start address (16 bits) to be set 
at appropriate location under software control. This location can be anywhere in 
memory. 
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The LSB of the table pointer is set to “O” because a 2-byte data is needed to 
specify the service routine start address in 16 bits and start that address from an 
even-number address. In the table, the start address begins with the low-order 
byte followed by the high-order byte as shown in Figure 3.8. 


Interrupt in mode 2 


Execution of ordinary program 
Service routine 






Table 





Execution of 
RETI instruction 


[aie [7s To 
rd 


| register TLCS-Z80 family 
peripheral LSI 
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Figure 3.8 Interrupt Processing in Mode 2 


Mode 2 is used in the daisy chain interrupt processing using TLCS-Z80 family 
LSI. TLCS-Z80 family peripheral LSIs all contain the interrupt priority controller 
in daisy chain structure. In this interrupt structure, the interrupt request signals | 
are connected one after another and given priorities for processing when two or 
more maskable interrupt requests occur at a time. Only the interrupt vector from 
the peripheral LSI having the highest priority is put on the data bus. By receiving 
the interrupt vector in mode 2, the processing for that peripheral LSI can be 
performed. When an interrupt requested by a peripheral LSI having a priority 
higher than that of the current peripheral LSI during the execution of the 
interrupt processing routine, the higher priority interrupt can be enabled by the EI 
instruction to form an interrupt nesting. 

The maskable interrupt processing program terminates by executing an RETI 
instruction. This return instruction performs the following processings: 


@ Restores the content of the program counter from the stack. 


@ Notifies the requesting peripheral LSI of the termination of interrupt 
processing. 
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3.3. MPU STATUS TRANSITION DIAGRAM AND BASIC TIMING 





The following describes the MPU status transition and the basic timing of each MPU 
operation. 


[1] Instruction Cycle 


Each TMPZ84COO0A instruction is executed by combining the basic operations of 
memory read/write, input/output, bus request/acknowledge, and interrupt. These basic 
operations are performed synchronizing with the system clock (the CLK signal). 

One clock period is called a state (T). The smallest unit of each basic operation is 
called a machine cycle (M). Each instruction consists of 1 to 6 machine cycles and each 
machine cycle consists of 3 to 6 clock states. basically. However, the number of clock 
states in a machine cycle can be increased by the WAIT signal described later on. Figure 
3.9 shows an example of the basic timing of a 3-machine-cycle instruction. 

The first machine cycle (M1) of each instruction is the cycle in which the Opcode of 
the instruction to be executed next is read (this is called the Opcode fetch cycle). The 
Opcode fetch cycle basically consists of 4 to 6 clock states. In the machine cycle that 
follows the Opcode fetch cycle, data is transferred between the MPU and the memory or 
peripheral LSIs. This operation basically consists of 3 to 5 clock states. 








T cycle 


CLK 
T) T2 T3 T4 Ty T2 T3 





Maachine cycle 
Sean nnn ER n EnnE RRS ENUE nme rmmmemeemeeeneenmeemeemeeeereer oot 


My Mo M3 
(Opcode fetch) (Memory read) (Memory write) 


Cycle instruction 
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Figure 3.9 Example of MPU Basic Timing (3-Machine-Cycle Instruction) 
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[2] Status Transition Diagram 


RESET =0 


K1 M1 IMMEDIALELY AFTER ACCEPTING INT ? 
NO 


T2 


TWWAIT 


13 . 
M1 =1 YES 
NO 
YES 
. HALT =0 
T4 


TS 
T6 < TX WAIT 


BUSREQ =0 TX 











YES 
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Figure 3.10 Status Transition Diagram 
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[3] 


Basic Timing 


(1) 


Opcode fetch cycle (M1) 


In the Opcode fetch cycle, MPU fetches an Opcode in the machine-language 
codes in memory. This is also called the M1 cycle because it is the first machine 
cycle to execute each instruction. 

Figure 3.11 shows the basic timing of a basic Opcode fetch cycle. 

In clock state T1, the content of the program counter is put on the address bus. 
The M1 signal goes “0”, indicating*to the MPU that this is the Opcode fetch cycle. 
At the same time, MREQ and RD signals go “0”. When the MREQ signal goes “0”, 
the address signal has already been stabilized. Therefore, this signal can be used 
for the memory chip enable signal. The RD signal indicates that the MPU is ready 
to accept the data from memory. By these signals, the MPU accesses memory to 
fetch the Opcode in the instruction register. The MPU samples the WAIT signal 
on the falling edge of clock state T2. If the WAIT signal is “0” on the falling edge of 
clock state T2 and the following wait state (TW), the next state becomes clock state 
TW. Figure 3.12 shows the delay state of the Opcode fetch cycle caused by the 
WAIT signal. 

The data (Opcode) on the data bus is fetched on the rising edge of clock state T3 
then, the MREQ, RD, and M1 signals go “1”. In clock state T3, a memory refresh 
address is put on the low-order 8 bits of the address bus and the RFSH signal goes 
“0” and the MREQ signal goes “0” again. This signal indicates that the memory 
refresh cycle is on. At this time, the contents of the I register are put on the high- 
order 8 bits of the address bus and the 8 bits of the R register are put on the low- 
order 8 bits of the address bus. By using the RFSH and MREQ signals, memory 
refresh is performed in clock state T3 and T4. However, the RD signal remains “1” 








because the contents of the memory refresh address are not put on the data bus. 

In clock state T4, the MREQ signal returns to “1”. The refresh address is kept 
output until the rising edge of the clock state T1 in the next machine cycle, keeping 
the RFSH signal set to “0”. The cycle delay state caused by setting the WAIT 
signal to “0” is the same in the memory read/write, input/output, and maskable 
interrupt acknowledge cycles. The diagram of the cycle delay state caused by the 





WAIT signal set to “0” is omitted in the following description. 
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Figure 3.12 Opcode Fetch Timing Incliding Wait State 
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(2) Memory read/write operations 


Figure 3.13 shows the basic timing of memory read/write operations (except for 
the Opcode fetch cycle) in the same diagram for convenience. 

In each operation, the memory address signal to read/write data on the address 
bus is output in clock clock state Tl. The operation in which the WAIT signal is 
sampled in clock state T2 and the following TW state is the same as the Opcode 
fetch cycle. 

In memory read, memory data is put on the data bus by the address, MREQ, and 
RD signals. The MPU reads this data. 

In memory write, the memory address signal is put on the address bus then the 
MREQ signal is set to “O” to put the write data onto the data bus. When the data 
bus has been stabilized, the WR signal is output in clock state T2. The WR signal 
can be used as the memory write signal. 





<— For memory read cycle > |< For memory write cycle — 


: re 


Ao~A15 | Memoryaddress | address Memory address 


ar See mses 


Do~D7 (ies tone se aoe 2 : 


WAIT 
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Figure 3.13 Memory Read/Write Cycle Timing 
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— (3) 


Input/output operations 


Figure 3.14 shows the basic timing of input/output operations. The feature of 
the I/O operation timing is that, regardless of the state of the WAIT signal in clock 
state T2, the I/O cycle automatically goes in the wait state (TW*) after clock T2. 
The WAIT signal is sampled on the falling edge of TW*. If the WAIT signal is “0” 
on the falling edges of TW* and the following clock state, the I/O operation enters 
into clock state TW*. Clock state TW* is inserted because the IORQ signal goes 
“0” in clock state T2, so that it is too late to sample the WAIT signal after decoding 
the I/O port address. In each of input and output operations, the I/O port address is 
put on the low-order 8 bits of the address bus in clock state T1. On the high-order 8 
bits, the contents of the accumulator or B register are output. In clock state T2, the 
TORQ signal goes “0” instead of the MREQ signal. The IORQ signal can be used as 
the chip enable signal for a peripheral LSI. 

In an input operation, the contents of the input port are read onto the data bus 
by the address, IORQ, or RD signals. The MPU reads this data. 

In an output operation, the output port address and the output data are 
respectively put on the address bus and data bus in clock state Tl, then the IORQ 
and WR signals go “0” in clock state T2. The WR signal can be used as the output 
port write signal. 


~ eee 
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RD 
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Figure 3.14 I/O Operating Timing 
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(4) Bus request and bus acknowledge operations 





Figure 3.15 shows the basic timing of bus request and bus acknowledge 
operations. | 

The address bus (AO through A15), data bus (DO through D7), MREQ, IORQ, 
RD, and WR signals controlled by the MPU can be put in the high-impedance state 
(floating) to electrically disconnect them from the MPU. This operation, after 
sampling the BUSREQ signal on the rising edge of the last clock of each machine 





cycle, starts on the rising edge of the next clock if this signal is found “O”. 





Subsequently, these buses are controlled by external peripheral LSIs. For 
example, data can be directly transferred between memory and these peripheral 
LSIs. This state is cleared if the BUSREQ signal is found “1” after sampling it on 
the rising edge of each subsequent clock state (TX), and enters into the next 
machine cycle. During the floating state, the BUSACK signal goes “0” to indicate 
it to the peripheral LSIs. 

In this state, however, no memory refresh is performed and, therefore, the 





RFSH signal is set to “1”. Hence, to maintain this state for a long time with a 
system using dynamic memory, memory refresh must be performed by the 
external controller. 

Note that, in the floating state, neither maskable interrupt (INT) nor non- 
maskable interrupt (NMJ) can be accepted. 


Each machine cycle ___-»__,»|.~ ._ Bus enablestate 4, 


Last T 
state Tx qx Tx M 


CLK 
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Figure 3.15 Bus Request and Bus Acknowledge Timing 
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(5) 


Maskable interrupt acknowledge operation 


Figure 3.16 shows the basic timing of the maskable interrupt acknowledge. 

The MPU samples the maskable interrupt request signal (INT) on the rising 
edge of the last clock of each instruction execution. If the INT signal is found “0”, a 
maskable interrupt is accepted except in the following cases: 


e The interrupt enable flip-flop is reset to “0”. 
e The BUSREQ signal is “0”. 


When a maskable interrupt has been accepted, a special Opcode fetch cycle is 
generated. In this cycle, 2 clock states of wait state (TW*) is automatically 
inserted after the clock state T2. The WAIT signal is sampled on the falling edges 
of the second clock state TW* and the following clock state TW and, if the WAIT 
signal is found “0”, the instruction cycle enters in the next clock state TW. In this 
Opcode fetch cycle, the IORQ signal goes “0” in the first TW* state instead of the 
MREQ signal while, in a normal Opcode fetch cycle, the MREQ signal goes “0” in 
clock state T1. This indicates to the maskable interrupt requesting LSI that the 8- 
bit interrupt vector can be put on the data bus. The MPU reads this data to 
perform interrupt processing. Therefore, the contents of the program counter put 
on the address bus are not used. Unlike an ordinary I/O operation, the RD signal 
does not go “0”. 

In clock state T3, the memory refresh address signal is put on the address bus 
for memory refresh like normal Opcode fetch cycle and the RFSH signal goes “0”. 
In the subsequent machine cycles (M2 and M8) , the contents of the current 
program counter are saved into the stack. In machine cycles M4 and M5, the 
contents of the I register (the high-order 8 bits) and the contents of the address 
indicated by the address of the vector (the low-order 8 bits) from the peripheral LSI 
are fetched in the program counter. 
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Figure 3.16 Maskable Interrupt Acknowledge Timing 


(6) Non-maskable interrupt acknowledge operation 


Figure 3.17 shows the basic timing of non-maskable interrupt acknowledge. 

When the non-maskable interrupt request signal (NMI) goes low, the internal 
non-maskable flip-flop is set to “1”. The NMI signal is detected in any timing of 
each instruction. However, the internal NMI flip-flop is sampled on the rising 
edge of the last clock of each instruction. Therefore, the NMI signal should go low 
by the last clock state of an instruction. 

The Opcode fetch cycle for non-maskable interrupt request acknowledge is 
generally the same as the ordinary Opcode fetch cycle. However, the Opcode on 
the data bus at the time is ignored. The contents of the current program counter 
are saved into the stack in the subsequent machine cycles (M2 and M3). In the 
following machine cycle, the operation jumps to address 0066H, the non-maskable 
interrupt vector address. The machine cycles after these depend on the contents of 
the fetched Opcode. 
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Figure 3.17 Non-Maaskable Inpterrupt Acknowledge Timing 
Halt operation 


When a HALT instruction is fetched in the Opcode fetch cycle, the MPU sets the 
HALT signal to “0” synchronized with the falling edge of clock state T4 to indicate 
it to the peripheral LSI and stops operating. If the system clock is kept supplied in 
the halt state, the MPU continues executing NOP instructions. This is done to 
output refresh signals when the dynamic memory is used. The NOP instruction 
execution cycle is the same as the ordinary Opcode fetch cycle except the data on 
the data bus are ignored. 

The halt state is cleared when an interrupt is accepted or the RESET signal is 
set to “O” to reset the MPU. Figure 3.18 shows the halt state clear operation by 
interrupt acknowledge. An interrupt is sampled on the rising edge of the last clock 
(clock state T4) of the NOP instruction. A maskable interrupt can be accepted 
when the INT signal is “0”. A non-maskable interrupt is accepted when the 
internal NMI flip-flop which is set on the falling edge of the NMI signal is set at 
“1”. However, it is required that the interrupt enable flip-flop is set to “1” for a 
maskable interrupt to be accepted. The interrupt processing for the accepted 
interrupt starts from the next cycle. 
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However, when the supply of the system clock has been stopped by the power 
down operation, it is required to restart the supply of the system clock and input 
the INT signal until the execution of one instruction is completed or the RESET 
signal until 3 clocks are input. Figure 3.19 shows the timing of clearing the halt 
state caused by power down. By using TLCS-Z80’s clock generator/controller 
(TMPZ84C60P or TMPZ84C61AP), above-stated operation is realized easily. 

For the reset operation, see (8) “Reset operation”. Note that the INT and NMI 
signals are shown on the same diagram in Figures 3.18 and 3.19 for convenience. 
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Figure 3.18 Timing of Clearing Halt State Caused by Interrupt Acknowledge 
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Figure 3.19 Timing of Clearing Halt State Caused By Power Down 
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(8) _ Reset operation 


Figure 3.20 shows the basic timing of reset operation. 

To reset the MPU, the RESET signal must be kept at “0” for at least 3 clocks. 
When the RESET signal goes “1”, instruction execution starts from address 0000H 
after a dummy cycle of at least 2 clock states. 


M1 of address 0 
< Dummycycle —<«——————— 


T1 


Ao~A15 {| | &---F---- ---- 
Floating state 


. a 
_MREQ 
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Figure 3.20 Reset Timing 
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3.4 TMPZ84CO0A INSTRUCTION SET 


This subsection lists the TMPZ84CO0A instruction codes and their functions. The 
table below lists the symbols and abbreviations used to describe the instruction set. The 
symbols which require special attention are described in the locations in which they 
appear. 


e Symbols (1/2) 


Register B, C, D, E, H, L, A, 
Register pair BC, DE, HL 
Stack pointer SP 

Register pair BC, DE, HL, AF 
Register pair BC, DE 








Register 
















Index register IX 

Stack pointer SP 

Register pair BC, DE 

Index register lY 

Stack pointer SP 

Higher register of register pair 
(B, D, H) 






Higher 8 bits of stack pointer (SP) 
Higher register of register pair 

(B, D, H, A) 
Higher 8 bits of index register IX 
Higher 8 bits of index register lY 
Higher 8 bits of program counter (PC) 
Lower register of register pair 

(C, E, L) 
Lower 8 bits of stack pointer (SP) 
Lower register of register pair 

(C, E, L, F) 
Lower 8 bits of index register IX 
Lower 8 bits of index register lY 
Lower 8 bits of program counter (PC) 
Bit b (0-7) of register (B, C, D, E, H, L, A) 
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e Symbols (2/2) 





Memory 






(HL)p 






(IX+d)p 


Flag change symbol 









Operator 






Others 





TMPZ84CO0A 





Memory address ee acne in 16 bits. 

m indicates higher 8 bits and n, lower 8 bits. 

Bit b (0-7) of the contents of the memory 
address indicated by register pair HL. 

Bit b (0-7) of the contents of the memory 
address indicated by the value obtained by 
adding 8-bit data d to the content of index 
register IX. 

Bit b (0-7) of the contents of the memory 
address indicated by the value obtained by 
adding 8-bit data d to the content of index 
register LY. 
















Reset to “0” by operation. 
Set to "1" by operation. 
No change 
Affected by operation 
Undefined 
Handled as parity flag. 
P= 0: 
P=1: 










odd parity 
even parity 












Handled as overflow flag. 
| V=0: 
Ved 





No overflow 
Overflow 









Transfer 





Exchange 

Add 

Subtract 

Logical and between bits. 
Logical or between bits. 










Exclusive or between bits 






Interrupt enable flip-flop 
Carry flag 
Zero flag 
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TMPZ84CO0A Instruction Set (1/9) 


Object code 
Assembler 
76 543 210 
r5g 


a 
06+rx8 
n 
46+rx8 
r, (IX+d) re(1X+d) 
A46+rx8 
d : : : 
r,(1Y+d) FD re(1Y+d) Pe PX Pt -iX? pee | 
AG+rx8 ‘ : ‘ : : : : 
d 
70+r 
(IX+d),r (1X+d)¢r 





(1Y¥+d),r (I¥+d)er 


(HL),n (HL en 


LOAD 


(IX+d), n (1X+d)en 


DATA 


(1Y¥+d)en 


T 


8 - B 


A+(BC) 
Ae(DE) 
Ae(mn) 





(BC )+A 
(DE)+«A 
(mn)eA 


16-BIT DATA 





Note : ¢1,g means any of the registers A, B,C, D, E, H, L. 
IFF in “Flag” column indicates that the content of the interrupt enable flip-flop is copied into the P/V flag. 120489 
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TMPZ84CO0A Instruction Set (2/9) 


Object code 
Assembler 


mnemonic 
FD 


11 


43+t x 10 


C5+qx 10 


DD 
E5 
FD 
E5 
Ci+qx 10 


DD 
Ed 
FD 
El 


Note : tis any of the register pairs BC, DE, HL, SP. 
q is any of the register pairs AF, BC, DE, HL. 


(PAIR), (PAIR), refer to high order and low order eight bits of the register pair respectively. (Ex) BC, =C, AF, =A. 


x4 : EXCHANGE 


Function 


He(mn+1) 
Le(mn) 


ty«(mn+1) 


tL«(mn) 


IXy*(mn+1) 
IX_«(mn) 


TYye¢(mn+1) 
TY_ (mn) 


(mn+1)¢H 
(mn)eL 


(mnt+i)¢ty 
(mn )etL 


(mn+1)+IXy 
(mn )+IXyi 


(mn+1)+IYy 
(mn )elYy 


SP+HL 
SP+IX 


SP«ly 


(SP-2)*q_,(SP-1)*qu, 
SP«SP-2 

(SP-2)*IX,, (SP-1)¢1Xy 
SP«+SP-2 

(SP-2)«IY, ,(SP-1)«1Yq 
SP«+SP-2 

que (SP+1),qL«(SP), 
SP«SP+2 

IXy*(SP+1) ,IXL«(SP) 
SP«SP+2 
TYy*(SP+1),1Y_«(SP) 
SP«SP+2 

DE#HL 

AF<AF’ 

BC«BC’ ,DE@DE’ ,HL@HL’ 
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TMPZ84COO0A Instruction Set (3/9) 


ITEM/ 


CLASSI 


-FICA- 


TION 


BLOCK TRANSFER 


SEARCH 


LOCK 


B 


Object code 


; j Function 
mBonenie Binary Hex 


He (SP+1),Le(SP) 
IXy@(SP+1) 

IX_ (SP) 

TYy@(SP+1) 

IY, (SP) 
(DE)«(HL),DE+DE+1 
HL+HL+1,BC«BC-1 
(DE)«(HL),DE*DE+1 
HL¢HL+1,BC+BC-1 Repeat until 
BC=0 

(DE)«(HL),DE+DE-1 
HL+HL~-1,BC+BC~1 
(DE)«(HL),DE*DE-1 
HL+HL-1,BC+BC-1 Repeat until 
BC=0 

A-(HL) 

HL+HL+1,BC+BC-1 

A-(HL) ,HL+HL+1,BC+BC~1 
Repeat until A=(HL) or BC=0 
A-(HL) 

HL¢HL-1, BC©BC-1 


. . * 
Piece eee ees oe ee eee eee fee eet eee eee eee eee ere er eee ee ee Cry Vewcee Neen 
. . 


A-(HL),HL©HL-1, BC+BC-1 
Repeat until A=(HL)or BC=0 
AcA+r 
AcA+n 


A, (HL) AcA+(HL) 

A,(IX+d) AcA+(1IX+d) 

A,(1Y+d) AcAt+(1Y+d) 
AcA+r+CY 

A,n AcA+n+CY 

A, (HL) 

A, (IX+d) 


AcA+(1Y+d)+CY 


AcA-r 
AcA-n 


(HL) AcA-(HL) rey 


. . . . 
* : * . : % 
eee ee eee ee es Oe ee i 2, Co 
. 


(IX+d) AtA-(1X+d) 


(IY+d) AtA-(1Y+d) 





Note : *M P/V flag is O ifthe result of BC- 1 =0, otherwise P/V = 1. 
*N Z flagis 1 if A=(HL), otherwise Z =0. 
[ indicates the total condition of the number of cycles and states indicated by arrow. 
r means any of the registers A, B,C, D, E, H, L. 


TMPZ84CO0A 


+[BC< >0] 
«[BC=0 ] 


+[BC< >0] 
+[BC=0] 


«[BC< >0 & 
A< > (HL)] 
R [BC=0 or 
A= (HL)] 


+[BC< >0 & 
A< > (HL)] 

R[BC=0 or 
A= (HL)] 





2 
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TMPZ84COO0A Instruction Set (4/9) 


ITEM/ _ Object code 
Assembler 


-FICA- mnemonic Binary Hex Function 


011 errr A+A-r-CY 
011 110 AcA-n-CY 
non nnn 
011 110 
A, (IX+d) O11 101 AcA-(IX+d)-CY 
011 110 
ddd ddd 
A, (IY+d) 111 101 AcA-(1TY+d)-CY 
011 110 
ddd 
100 AcAAr 
100 AcAAn 
nnn 
(HL) 100 AcAA(HL) 
(IX+d) 011 AtAA( IX+d) 
100 
ddd 
(1Y+d) 111 AcAA(IY+d) 
100 
ddd 
110 AcAyvr 
110 AcAyn 
nan 
(HL) 110 
(1X+d) 011 AcAV(IX+d) 
110 
ddd 
(1Y+d) 111 AcAV(1Y+d) 
110 
ddd 
101 AcAy‘r 
101 AcAyn: 
nnn 
(HL) AcA¥(HL) 
(1X+d) AcAy(1X+d) 


r 
B 
C 
D 
E 
H 
L 
A 








(HL) 
(1X+d) . A-(1X+d) 


A-(IY+d) 


(HL) 
(IX+d) (IX+d)«(IX+d)+1 





Note :  rmeansany of the registers A,B, C,D,E,H, L. 120489 
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TMPZ84CO0A Instruction Set (5/9) 


ITEM/ 
CLASSI 
-FICA- 


TION 


8 -BIT ARITHMETIC 


GENELAL-PURPOSE 


ROTATE 


Object code 
Assembler 
mnemonic 


FD 


6 
(IY+d) 11 


TMPZ84CO0A 


Function 


(1Y¥+d)«(1Y+d)+1 


rer-1 


(IX+d)«(IX+d)-1 


(1Y+d)«(IY+d)-1 


rrmémomouooN Bq 


Decimal adjust accumulator 
Ach 
At0-A 


CY«CY 
CYe1 
no operation 


. ‘ ‘ . 
ee ee es ee ee ee ee eee eee ee eee Ce ee eee ee eee ee eC Larne eNews teccee 
’ ‘ o ay 


Note 


09+tx 10 
ED 
4A+t x 10 
ED 
42+tx 10 
DD 
0S+p x 10 
FD 
O9+s x 10 
03+t x 10 
DD 
23 
FD 
23 
OB+t x 10 
DD 
2B 
FD 
2B 


ss is any of the register pairs BC, DE, HL, SP. 
rris any of the register pairs BC, DE, IY, SP. 


MPU Halted 

IFFeO 

IFFe1 

Set interrupt mode 0 


Set interrupt mode 1 


Set interrupt mode 2 


HL*+HL+t 
HL©HL+t+CY 


HL«HL-t-CY 
IX+IX+p 
IY+lY+s 


tett1 
ITX+IX+1 


ITY¢LY+1 


tet-1 
IX¢IX-1 


TY+lY-1 





PP is any of the register pairs BC, DE, IX, SP. 
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TMPZ84CO0A Instruction Set (6/9) 


Object code 
Assembler , 
i F ion 
mnemonic Hex unctio 


010 111 


RLC r 
RLC (HL) 


RLC (1X+d) qa te 
Real | 7 «0 | « 0 


r, (HL), (1X+d), (1Y+d) 





r 
B 
C 
D 
E 
H 
L 
A 


RLC (1Y+d) 


(HL) 


(IX+d) 


Larrea! 


r,(HL),(1IX+d), (1Y¥+d) 


(1Y+d) 


RRC r 


RRC (HL) 


RRC (1X+d) 


r, (HL), (IX+d), (1Y+d) 


RRC (1Y+d) 


RR rr 


RR (HL) 


RR (IX+d) r, (HL), (IX+d) 





Note : r means any of the registers A, B, C,D, E,H,L. 120489 
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TMPZ84COO0A Instruction Set (7/9) 


ITEM/ Object code . | No. 
of) eee, AC ae ee 7 | 
-FICA- mnemonic Binary Hex 

FD 


11 111 : : : , * : : 
11 001 Ose oe ee | 
oe 2 a ae ee | 
00 O11 
SLA fr 11 001 
00 100 
SLA (HL) 11 001 
00 100 
SLA (IX+d) 41 011 
11 001 [7 + 0 |<—o0 
dd ddd r,(HL),(1x+d) , (1Y+d) 
00 100 
SLA (IY+d) 11 111 
11 001 
dd ddd 
00 100 
SRA rr 11 001 
00 101 
SRA (HL) 11 001 
{00 101 
BOTS TO eee the age 
11 001 
dd ddd 
00 101 
SRA (IY+d) 14 21S 
11 001 
dd ddd 
00 101 
SRL or 11 001 
00 111 
SRL (HL) 11 001 
00 111 
SRL (IX+d) 11 011 
001 


Function 








r 
B 
C 
D 
E 
H 
L 
A 








> >a] 


111 r,(HL),(IX+d),(IY+d) 


SRL (IY+d) 


*4 


*4 


BIT b,r 
40+bx 8+r 

BIT b,(HL) CB 
46+b x8 Z«(HL)p 


BIT SET 
RESET AND TEST 





b 
0 
1 
2 
3 
4 
5 
6 
7 





Note : *1: Rotate digit left and right between the accmulator and location (HL). 
The content of the upper half of the accumulator is unaffected. 
The notation (HL), indicates bit, (0 to 7) within the contents of the HL register pair. 
The notation r, indicates bit , (0 to 7) within the r register. 120489 
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TMPZ84COO0A Instruction Set (8/9) 


Object code 
Assembler 
mnemonic Hex Function 


Z+(IX+d)p 


b,(IX+d) 


b, (IY+d) 


Ze(1Yt+d)p 


46+bx8 


ee ee eee oe eee eee ee ee eee Cee eee ee ee eee ee ee eee eee ee eee ee ee Cee eee eee eT Cee eee eee eT Cee eee eee Cees eee! ee es 


b,r CB rpel 
CO+b x 8+r 


ee ee ee ee ee ee eee oe ee eee ee ee ee ee ee eee eee eee eee Cee eee eee eT eee eee eee eT Cee eee eee Pee) ey 


b, (HL) CB (HL) pet 
C6+bx 8 


ee ee ees ee ee ee es eet eee ee eee ee ee ee eee ee ee eee eee Cee ee eee et Cee eee eee? Ce eee eee eee eee) es 


b,(IX+d) (IX+d)pet 


rermrmMmon WIA 


b,(IY+d) (IY+d) pet 


rpe0 
on . 80+b x 8+r ee Pry 
re eT Be Tes eras F ad vie es aaa rere ee! 
86+b x 8 


(IX+d) «0 


b 
0 
1 
2 
3 
4 
5 
6 
7 





ee ee ee ee eee ee eee eee eee Pee eee ee eee ee eee ee eee eee eee eee Ce eed 


b, (IY+d) (1Y+d)p«0 


Mert iceds Oust lle anoue andes dasieuneaabces ovens Gusaeue ee lara lies ox aa avdy dale ioftoniy saaaiie vas eeeanmeeed es erepresentsthe | 
tialeaspe aia ve peauds eae lan evens ere of bac ter taddcatemre poreeee kelly na oe = Oa 
(Only when condition is met) : : relative 
a oe ae fi addressing 


td te ee Ce eee cee Cee eee eee eee eee ee eee eee eee eee See) eee Te eee eee eee eee eee ee ee eee eee ee) eee Pee 


eee ee ee ee eee eee ee eee eee eee ee eee eee eee ee eee eee eee eee ee eee eee ee ee ee eT eee ee ee eee eee ee ee ee eT ee es ey reer 


ee ee ee ee ee ee ee eee ee ee eee eee eee eee eee ee eee eee eee ee eee eee eee eee eT ee ee ee ee ee ee ee ee es 


PCe$+e 





If C=0, continue 


eect eee eee eee eee ee ee ee eee eee eee ee eee ee ee ee ees 


if C=1, PC+$+e 
lf C=0, PC«$+e 


eee eee eee ee ee ee ee Ce ee ee es 


If C=1, continue 
If Z=0, continue 


eee eee ee eee eee eee eee eee eee eee Co eee eee? ey 


mode,a=e-2. 
eis asigned 
two's 
complement 
number in the 
range of 
-126Se $129 


eee eee ee ee eee ee eis ee ey 


ee eee eee Ce ee ee eee Cee ee 


eee eee ee ee eee Cees erie 


lf Z=1,PC«$+e 


tt eo ee ee eee eee Ce eee ee ee eee eee ee eee eee CeCe eee et Cee ee eee eee eee See eee eee ee Lee ees Cee ee er rey 


lf Z=0, PC+$+e 


eee eee eee ee ee ee ee ee eee Ce ee ey 


lf Z=1, continue 


. 
{Om eamaNMTHESHamamamummawimessessre sere eee tered ensue ener sO EH esee eb are nen eer emer eseeEDrenareDerterscessrestraEepeses muses 


B<B-1, if B=0, continue 


eee eee eee eee eee ee Cr 


B«+B—-1, If B<>0, continue 


ee ee ee ee ee eee ee eee ee ee eee Cee eee Pee eee eee ee ee eee eee eee eee eee Cees 


PC+HL 










Condition 


Note: @ a=e-2 inthe Opcode provides an effective address of PC + e as PC is incremented by 2 before the addition of e. Non-Zero 
@ $ indicates the reference to the location counter value of the current segment. Zero 
@ The notation (HL)p, (IX +d), indicates bit , (0 to 7) within the contents of the register pair. No-carry 
@ The notation r, indicates bit, (0 to 7) within the r register. Carry 
® a=e-2 in the op-code provides effective address of PC +e as PC is incremented by 2 prior to the addition of e. Odd Parity 


Even Parity 
Sign Positive 
Sign Negative 
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TMPZ84COOA Instruction Set (9/9) 


Object code 
DD 


ITEM/ 
CLASSI Assembler 
-FICA- mnemonic 


TION 


ee es Ce ee ee ee ee ee eee Ce ee ee er ee Per ry eee eee ee eee eee ee ee er) es 


76 543 210 


11 


40+rx8 


41+rX8 
ED 
A3 
ED 
B3 
ED 
AB 
ED 
BB 


Function 


PC+(IX) 
PC+(IY) 


(SP-1)©PCy, (SP-2) «PCL 
PC«mn 

SP«SP-2 

If condition c is met, same as 
CALL mn. 

If condition cis not met,continue 
PC. +(SP), PCy+(SP+1) 
SP¢SP+2 


If condition c is met, same as RET. 


If condition cis not met,continue 
Return from interrupt Processing 
routine 

Return from non-maskable 
interrupt Processing routine 
(SP-1)«PCy, (SP-2 )«PC. 
PCy*O, PC +j,SP+SP-2 

Ae(n) 

n—A0~A7 , A> A8~A15 

r¢(C) If r=110, only the flags 
will be affected. 
(HL)«(C),BeB-1,HL+HL+1 


(HL)«(C),BeB-1,HL©HL+1 
Repeat until B=0 


(HL)«(C),BeB-1,HL<HL-1 
Repeat until B=0 

(n)«A 

n->A0~A7 , A->A8~A15 
(C)er 


(C)©(HL) ,BeB-1,HL©HL+1 
(C)«(HL) ,BeB-1,HL©HL+1 
Repeat until B=0 


(C)*(HL) ,BeB-1,HL+HL-1 


(C)«(HL) ,BeB-1,HLHL-1 
Repeat until B=0 


Note: @ *M Ifthe result of B-1 is zero, the Z flag is set, otherwise it is reset. 

@ AO through A15 indicate the address bus. 
] indicates the total condition of the number of cycles and states 
indicated by arrow. 


° | 
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*4 


C—A0~A7 
B—-A8~A15 





TMPZ84CO0A 


PreertmouonN wis 


-[B<>0] 
«[B=0] 


«[B<>0] 
€[B=0] 


“B<>0] 
“[B=0] 


+[B<>0] 
+[B=0] 








Condition 
Non-Zero 
Zero 
No-Carry 
Carry 
Odd Parity 
Even Parity 
Sign Positive 
Sign negative 
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3.5 USAGE 


Basic TMPZ84CO0A configurations using memory and peripheral LSIs are described 
below. 


eS) 
Ui 
— 


Memory Address Assignment 


When the memory is being accessed, the MPU outputs address and control signals. 
These signals are used as the memory chip enable signals. 

The MPU uses 16-bit address signals to specify the addresses for 64K (0-FFFF). With 
systems having only one memory, memory addresses can be specified with these signals 
alone. When there are several memories, however, the memories must be arranged so 
that access is possible using 64K of space. Normally, several address buses are decoded 
to create this arrangement, several address buses are developed for use as one memory 
chip enable signal for all memories. 

Example: The addresses for an 8K X 8-bit ROM and 8K X8-bit RAM are arranged as 
shown in Figure 3.21. Figure 3.22 shows am example using the MREQ signal, RD signal 
and address signal A138 as the chip enable signals. 


Address 
0000 


8K x 8bit ROM 


FFF 
2000 


8K x 8bit RAM 


3FFF 
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Figure 3.21 Address Assignment 
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3.5.2 Connection with TLCS-Z80 family peripheral LSI 


TMPZ84CO0A can connect with peripheral LSI directly. A simple connecting 
example of the TMPZ84CO00A with peripheral LSI is shown in Figure 3.23. 


TMPZ84CO0A 


Address bus 








CE E Do~D7 Ao~A12 W/R CE2 CE1 Do~D7 Ag~A12 
ROM (8K x 8 bits) RAM (8K x 8 bits) 
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Figure 3.22 Example Connection with Memories 
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Clock generator/controller TMPZ84C60P CGC 


N 
q 
cha 
x< 
~ 
— 
U 


TMPZ84C00A MPU 





bus 






TMPZ84C30A CTC 


RESET 
TMPZ84C40A, 41A, 42A, 43A | SIO 


RESET 
TMPZ84C20A } PIO 





Address 
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Figure 3.23 Example Connection with TLCS-Z80 family peripheral LSlIs 
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4. ELECTRICAL CHARACTERISTICS 
4.1 ABSOLUTE MAXIMUM RATINGS 


250 mvVvV 


Power Dissipation 
(TA = 85°C) 

TSOLDER Soldering 260 
Temperature (10sec) 
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4.2 DCELECTRICLAL CHARACTERISTICS , 


DC Characteristics we 
Topr = — 40°C~85°C, Vcc =5V + 10%, VSS = OV 


Input Low Voltage 
(except CLK) 


S 
bh 


Output High Voltage 
(II) 


3 state Output current|Vsg+0.4 S 
in Floating 
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Vcc =5V AP-6 
/AM-6 15 22 
/AT-6 aa 


DC Characteristics (2/2) 


SYMBOL ITEM 


Supply Current 






















fCLK = (Note1) 
VIHC = VIH 







=Vcc—0.2V | AP-8 
(Operating) VILC=VIL = |/AM-8 20 25 
=0.2V /AT-8 








NoTe2) Supply Current 
Icc2 
(Stand by) 










Vcc =5V ; 

CLK = (Note2) 

VIHC = VIH = > “O75 10 pA 
Vcc-0.2V . 

VILC = VIL=0.2V 


Note 1 foLK =1/TcC (MIN.) 060489 
Note 2 At T4 “LOW” state after the halt instruciton fetch cycle. 






4.3 AC ELECTRICAL CHARACTERISTICS (1/3) 
Topr= —40°C~85°C, Vec=5V£10%, VSS=0V 


AP-6/AM-6 | AP-8/AM-8 
/AT-6 /AT-8 
NO. SYMBOL ITEM (6MHz) (8MHz) UNIT 
[rm Ta. [a 


Cocke Tes [ ve [125 | 0c | 
[2 fwch ___eloerulse wanton a5 | oc | 55] oc | mm 
Pa [rwer _etockPute wis town [65 | De : 


TIC Clock Fall Time 
TrC 

TdCr (A) 

TdA (MREQf) 
TdCf (MREQf) 
TdCr (MREQr) 
TwMREQh 
TwMREQ1 
TdCf (MREQr) 
TdCf (RDf) 
TdCr (RDr) 
TsD (Cr) 

ThD (RDr) 
TsWAIT (Cf) 













WY 


a) 
n 


Clock Rise Time 

Clock t to Address Valid Delay 
Address Valid to MREQ | Delay 
Clock | to MREQ | Delay 
Clock 7 to MREQ * Delay 
VIREO pulse Width (High) 
MREQ pulse Width (Low) 
Clock | to MREQ * Delay 

Clock | to RD | Delay 

Clock f to RD 7 Delay 


=) 
wn 


7 
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(on) (a) OQ C) 
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Ww 
Len 
=) 
i?) 


NO 
=) 
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3 


> 


Ss 


aS 
~ 
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= 
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Data Setup Time to Clock T . 


—_— 


6 
17 


Data Hold Time to RD T 


=) 
7.) 





NS SN NO] SN NO} NM 
© © Oo}; © Oo};o 
—_ 
1 WW o;s NO wn 
© (an) oO}; u cn) mn 





WAIT Setup Time to Clock | 


2) 


060489 


MPUZ80-48 


TOSHIBA TMPZ84CO00A 


AC Electrical Characteristics (2/3) 


AP-6/AM-6 AP-8/AM-8 
/AT-6 /AT-8 
NO. SYMBOL ITEM (6MHz) (8MHz) UNIT 
PE |iwamcen waTvodtimesterceay | | -| 0] -| w 


19 | TdCr (M1f) Clock fT to M1 | Delay | — | so} — | 70] ns | 
TdCr (M1r) Clock } to M1 7 Delay ns 


1 | TdCr (RFSHf) Clock 7 to RFSH | Delay 
2 | TdCr (RFSHr) Clock 7 to RFSH 7 Delay 
23 | TdCf (RDr) Clock | to RD 7 Delay 
24 |TdCr (RDf) Clock 7 to RD | Delay 












n 


rn 
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v2) 





ns 
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Data Setup to Clock | 
during M2, M3, M4 or M5 Cycles 


Address Stable prior to IORQ | 110 
Clock to IORQ | Delay 
Clock | to IORQ 7 Delay 

Data Stable Prior to WR | 
Clock | to WR | Delay 

WR Pulse Width 
Clock | to WR 7 Delay 

Data Stable Prior to WR | 
Clock 7 to WR | Delay 

Data Stable from WR T 

Clock | to HALT for | 

NMI Pulse Width 

USREQ Setup Time to Clock 7 


i") 


25 | TsD (Cf) 


© 


) 
7) 


2) nn ia) (72) 


26 | TdA (IORQf) 
27 | TdCr (IORQF) 
28 | TdCf (IORQr) 
29 |TdD (WRf) 
TdCf (WRf) 

31 ;TwWR 

32 |TdCf (WRr) 

33. | TdD (WRf) 

34 | TdCr (WRf) 

35 | TdWRr (D) 

36 | TdCf (HALT) 
37 | TWNMI 

38 | TsBUSREQ (Cr) 
39 


* 
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ThBUSREQ(Cr) —|BUSREQ Hold Time after Clock 7 


40 | TdCr(BUSACKf) S 
TdCf(BUSACKr) 


42 |TdCr(Dz) 


Clock f to BUSACK | Delay 
Clockt | to BUSACK 7 Delay 
Clock f to Data Float Delay 
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2) 


41 


n 


wn 


Clock to Control Out-puts Float 
Delay(MREQ, IORQ, RD, and WR) 
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AC Electrical Characteristics (3/3) 


AP-6/AM-6 | AP-8/AM-8 
/AT-6 /AT-8 
No.| SYMBOL ITEM (6MHz) (3MHz) | UNIT 
| MREQ, IORQ, RD, and WR to 
46 |TsRESET(Cr) RESET to Clock tsetupTime | 60 | 
n 
n 


» | PORESET(Cr) RESET to Clock T Hold Time pons 


S 

48 | TsINTf(Cr) INT to Clock 7 Setup Time ns 
ns 

ns 

S 

ns 

ns 















: | 
SN 





51 
52 
53 


, | TSINTr(Cr) INT to Clock ? Hold Time po] — 
pins 


50 
* 
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No 
~S _ on _ & 
© © uo © ion 
_— 
= 
oa 





ejeie| +s] -s]s 
oO 








Notel AC Test Condition 
VIH =2.4V, VIL=0.4V, VIHC = Vcc —0.6V, VILC =0.6V 
VOH=2.2V, VOL=0.8V, CL=100PF 

Note2 Items with an asterisk (*) are non-compatible with NMOS Z80. 


4.4 CAPACITANCE 
TA=25°C 


CCLOCK_| Clock input Capacitance | f= 1MHz fice Se ae a 
All pins except 
input Capacitance DF _| 
COUT Output Capacitance 
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4.5 TIMING DIAGRAM 


Figure 4.1 to 4.8 show the basic timings of respective operations. Numbers shown in 
the Figures correspond with those in the AC Electrical Seaiatcaes Table in 4.3. 








- le 1 
AO~AI5 a co 
() <> 
MREQ 
RD | 
(Alm 
WAIT 


/ 
pop? — fe cr mat 








RFSH Se oo 
060489 
Figure 4.1 Operation Code Fetch Cycle 
Tw T3 
CLK N 
2. [0 
AQ~A15 — ter a aes 
to | | ©- 
MIREQ (7) s © 
Se} | lx l <-(18) 
>» cee 
WAIT a Witte 
a | ia 
RD _ , 
Read 
cotttt{ | ee = 
DO~D7 } an aa 
\——__—j 
> <— (30) —— 


Write 


WR 
Operation eee 
DO~ ee Data ir ae 
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Figure 4.2 Memory Read/Write Cycle 
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| *F T2 Tw* Tw T3 
CLK \ 
[Onl aa | 

A0~A7 i | 


[=e ot 
“ ac | 


+ 





a a Sa (ES ‘a 
ot | =e io 
D 
Input (4) cae (06) 
Operation Sik 
DO~D7 } aan 7 {input Data 
Pa, Oe —*Te 
WR : oa 
Output Bom ® ee 
operation ( 
DO~D7 Data , Output ’ 
Note: 1 wait state (TW*) is inserted automatically by MPU. 060489 
Figure 4.3 Input/Output Cycle 
CLK 
(48) —> 
INT 
A0~A15 
Mt 
IORQ 
WAIT 





DO~D7 Input Data 


Note 1 TL is the final state of the preceding instruction. 
Note 2 2 wait state (TW*) is inserted automatically by MPU. 060489 


Figure 4.4 Interrupt Request/Acknowledge Cycle 
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Final M Cycle M1 


CLK 
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Note: NMlIis asynchoronous input but in order to assure the positive response in the following 
cycle, NMI trailing edge signal must be generated keeping abreast of the leading edge of 
the preceding TL state. 





Figure 4.5 Non-maskable Interrupt Request Cycle 








——— Final M Cycle 
Tx Tx Ty 
CLK i 
G9) 
| KE T© 
eS ies 
ees acd 
BUSACK 
aes) Floating = 
A0~A15 | ( 
eared Floating ae 
DO~D7 | 
MREQ i Floating ets 
__WR | 
IORQ 
— — 
—_—_ (22) < 
ae cs 
RFSH | 
HALT Remains Unchanged 
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Notel: TListhe final state of any machine cycle : 


Note2: TX is optional clock used by requested peripheral LSI. 


Figure 4.6 Bus Request/Acknowledge Cycle 
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HALT Instruction’s 























— mM ——| 7 My | My 
Ta Ty 13 T3 Ta TY T2 . 
CLK 
—>| 69 <>|69 
HALT 
—_— G2 
NMI 
060489 
Note: INT signal is also used for releasing from the halt state 
Figure 4.7 Halt Acknowledge Cycle 
—_—— My nn BRE Te AT OS 
T T 
CLK 1 2 
< 
@ 
RESET \__/ 
3. ©) < 
Ao= Rye Floating 7 
Do~D7 Floating 
> ~«<- 
M1 
_MREQ 
RD, WR 
IORQ TTT 1/ ) \ 
RFSH 
BUSACK 
HALT 060489 


Figure 4.8 Reset Cycle 
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5. PACKAGE DIMENSION 
5.1 DIP PACKAGE 
DIP40-P-600 





O- 15° 


40 21 





13.4+0.2 








| 50:7:£ 0:2 | 


4.54+0.3 


3.52 0.3 





0.51MIN|{3.5+0.2 


1.22TYP 


270289 


Notel: This dimension is measured at the center of bending points of leads. 
Note2: Each lead pitch is 2.54mm, and all the leads are located within +0.25mm from their 
theoretical positions with respect to No.1 and No.40 leads. 





MPUZ80-55 





TOSHIBA | | TMPZ84C00A 


5.2 SOP PACKAGE 
SSOP40-P-450 








Unit: mm 
40 21 
PHU UO 
HHHREHKHHHHHHHHHHHHHHHH 
N A ~~ 
Oo ° os 
+ +l 
ol = 
: z 
od as on 
—TTHOWMOOUUDUUUOUUOOO 
Wi ut Wao uU ooo UDp Ue oe oa Uo 
WMOUOWHMOUOUDOUUEDUoOoUoUoO 
1 20 
1.15TYP 0.35+0.1 1.15TYP 
| 17.5+0.2 
Lonanemmmanermcan Lee 
; =o) 
+i 
La 
QV)0.1, F | 
(o>) 
0.8+0.2 
270289 


Note: Package Width and length do not include Mold Protrusions. 
Allowable Mold Protrusion is 0.15mm. 
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5.3. PLCC PACKAGE 
QFJ44-P-S650 


17:52 +:0.2 


a ee ena 1 8) 2) ee eee ee Unit: mm 


16:5°2.0:2 


SP Seen Se EL, 


ss 
oO 
+i 
- 
i<°] 
— 


17.52 40.2 
15.76 40.2 








4.32+0.2 


15.76 £0.2 


OTT OI 
127 AO 


270289 
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6. 


CAUTIONS 
Please observe the following cautions when using the TMPZ8400A. 


(1) 
(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


(10) 


The RESET signal input used for resetting must be held at “0” for at least 3 clocks. 


When the MPU is not the bus master (BUSREQ=0), the memory is not 
refreshed because the RFSH signal is “1” and address signals are at high 
impedance. With systems using dynamic RAM, an external circuit is required for 
memory refresh if this condition persists for any length of time. 

Also, interrupts cannot be received when the MPU is not the bus master. 


When exiting a power down operation with the MPU in hold status, supply the 
prescribed stabilized clock. 


Maskable interrupt mode 2 is only for use with Z80 family peripheral LSIs. 


Only the program counter, interrupt enable flip-flop, internal NMI flip-flop, I 
register and R register of the MPU are initialized. All other registers must be 
initialized by program when necessary. Also, set the interrupt mode to mode 0. 


The interrupt enable flip-flop is set to “1” by the instruction following the E] 
instruction to enable receipt of maskable interrupts. 


Only the program counter register is saved during interrupt processing. Save 
and restore interrupt processing routines as necessary. 


When using maskable interrupt mode 2, a data table for the vector addresses 
must be created in the memory. 


When periphral LSIs and memory are connected with the MPU on a PCB, use 
wiring as large as possible and the shortest routing for connecting Vss (GND) and 
Vee. 

Caution is necessary because of the large spike currents which can occur when 
signals change (0-1, 1-0) with high-speed versions. 


As countermeasures for the above, connect a capacitor with good pulse response 
between Vcc and Vss (GND) of the MPU and other devices to absorb the pulse 
current. 
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TMPZ84CO1F, TMPZ84CO2AF-6 


TLCS-Z8O0MPU : 8-BIT MICROPROCESSOR 
CMOS Z80 8-BIT MICROPROCESSOR 


1. OUTLINE AND FEATURES 


The TMPZ84CO1F/02AF-6 is an 8-bit microprocessor (hereinafter referred to as 
MPU) with a built-in clock generator/controller, which provides low power operation 
and high performance. 

Built into the TMPZ84CO01F/02AF-6 are a control een and clock generator for the 
standby function in addition to paired 6 general purpose registers, accumulator, flag 
registers, an arithmetic-and-logic unit, bus control, memory control and timing control 
circuits. TMPZ84C0O2AF-6 can insure duty 50% clock output easily with Internal 
Oscillation Divider. 

The TMPZ84CO1F/02AF-6 is fabricated using Toshiba’s CMOS Silicon Gate Tech- 
nology and molded in a 44-pin mini-flat package. 

The principal functions and features of the TMPZ84C01F/02AF-6 are as follows. 


(1) Instruction Set compatible with the Zilog’s Z80 MPU. 


(2) Low power consumption 


Table 1.1 Operation modes and Supply Current (Vcc = 5v. TYPICAL) 


Hescene: RUN MODE | IDLE1 MODE | IDLE2 MODE | STOP MODE 
TMPZ84C01F ema ee ie | 05nA | | 05nA | 


170489 








(3) DC to6MHz operation (at 5V+10%) 
(4) Single 5V power supply (at 5V£10%) 
(5) Operating temperature (—40°C to 85°C) 


(6) On-chip clock generator 
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(7) 


(8) 
(9) 


(10) 
(11) 
(12) 
(13) 
(14) 
(15) 
(16) 


In the HALT state, the following 4 modes are selectable: 
e Run mode 

@ IDLE 1 mode 

@ IDLE 2 mode © 

e STOP mode 


In the following explanation for the same content, IDLE1 Mode and IDLE2 
Mode are referred to as IDLE1/2. 


Powerful set of 158 instructions available 
Powerful interrupt function 

(a) Non-maskable interrupt terminal (NMI) 
(b) Maskable interrupt terminal (INT) 

The following 3 “ede are selectable ; 


® 8080 compatible interrupt mode (interrupt by Non-Z80 family peripharal 
LSI) (Mode 0) 


e Restart interrupt (Mode 1) 

e Daisy chain structure interrupt using Z80 family peripheral LSI (Mode 2) 
An auxiliary register provided to each of general purpose registers. 

Two index registers 

10 addressing modes 

Built-in refresh circuit for dynamic memory. 

Molded in 44-pin mini flat package 

Built-in clock divider for insuring duty 50% easily (TMPZ84C/02AF-6) 

Low voltage oparation Vec=2.7V~5.5V (TMPZ84C01F) 


Further, in the following text and explanations for charts and tables, hexadecimal 


numbers are directly used without giving an identification to explanation of address, 


etc. to the extent not to cause confusions. 


Note: Z80 isa trademark of Zilog Inc., U.S.A. 


MPUZ80-60 


TOSHIBA TMPZ84C01/02A 


2. PIN CONNECTIONS AND PIN FUNCTIONS 


The pin connections and J/O pin names and brief functions of the TMPZ84C01/02A 
are shown below. 


2.1 PIN CONNECTIONS 
The pin connections of the TMPZ84C01/02A are as shown in Figure 2.1. 














OY |x 
VU 
| f OO|r 
—_—|Y Om flu ti j— 
{jyDl[eclajole | |S 
mn |S joc] — |S |r |2 


rT _1 XTAL 2 
rT 1 XTAL 1 
FI BUSRE 


— 


30 29 28 27 26 25 24 23 





RESET 4 22 (1 INT 
Whi Fes of fa OF 
CLK. Cc 36 20 .___.1 Db 
Wee = 37 19 EX] DS 
AQ C198 49. 1 D4 

Vec(1) CX=5) 39 17 el VECO) 
Al (1) a0 46-3 ‘D3 
A2 Cm) 41 15.1... 1 D2 
AS ea 1A I'D 
A4 (—]) 43 13:\2. 1 DO 
V2 gt ES (7 | 17 fd S2 
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Note: Connect Pin 39 and Pin 17 externally. 


Figure 2.1 Pin Connections (Top View) 
2.2 PINNAMES AND FUNCTIONS 


I/O pin names and functions are as shown in Table 2.1. 


Table 2.1 Pin Names and Functions (1/3) 


San Number Input/Output ae 
ene of Pin 3-state en 
Output 16-bit address bus. 
A0~A15 16 Specify addresses of memories and I/O to be accessed. During the 
3-state ; 
refresh period, addresses for refreshing are output. 
Mode selection input. 
MS1, MS2 2 Input 















One of 4 modes (RUN, IDLE1/2, STOP) is selected according to the 
state of these 2 pins. 
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Table 2.1 Pin Names and Functions (2/3) 


Number Input/Output 
Pin Name . Function 
of Pin 3-state 
1/O det atete ; 
DO-D7 | 8-bit bidirectional data bus. 
3-state 


Maskable interrupt request signal. 

Interrupt is generated by peripheral LSI. This signal is accepted if the 
interrupt enable flip-flop (IFF) isset at “1”. 

INT is normally used on Wired-OR. In this case, a pull-up resistor is 
externally connected. 


















Non-maskable interrupt request signal. 
This interrupt request has the higher priority than the maskable 
interrupt request and does not rely upon the state of the interrupt 
enable flip-flop (IFF). 










Halt signal. 
MPU execute HALT instruction and when the halt state is resulted. 
“0” is output. 









Memory request signal. 
When an effective address for memory access is on the address bus, 
“0” is output. 
















1/O request signal. 
When addresses for !/O are on the lower 8 bits (A0-A7) of the 
address bus in the I/O operation, “0” is output. In addition, IORQ 
signal is output together with M71 signal at time of interrupt 
acknowledge cycle to inform peripheral LSI of the state that the 
interrupt response vector may be put on the data bus. 








= [fe 
1 
3-state 
1 Output 
3-state 
eae Output 
- 
BUSACK Output 
_ 






Read signal 
“0” signal is output for a period when MPU can receive data from a 
memory or peripheral LSI. It is possible to put data from a specified 
peripheral LSI or memory on the MPU data bus after gating by this 
signal. 








Write signal. 
This signal is output when data to be stored in a specified memory 
or peripheral LSI is on the MPU data bus. 





Bus acknowledge signal. 
In response to BUSREQ signal, this signal informs a peripheral LS! of 
the fact that the address bus, data bus, MREQ, IORQ, RD and WR 
signals have been placed in the high impedance state. 








Wait signal. 
WAIT signal is a signal to inform MPU of specified memory or 
peripheral LSI which is not ready for data transfer. As long as WAIT 
signal as at "0" level, MPU is continuously kept int the wait state. 
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Table 2.1 Pin Names and Functions (3/3) 


Number Input/Output 
Pin Name ; Function 
of Pin 3-state 


Bus request signal. 

BUSREQ signal is a signal requesting placement of the address bus , 
BUSREQ 1 Input data bus, MREQ, IORQ, RD and WR signals in the high impedance 

state. BUSREQ signal is normally used on wired-OR. In this case, a 

pull-up resistor is externally connected. 

























Reset signal. 
RESET signal is used for initialization MPU and must be kept in active 
state (“0”) for a period of at least 3 clocks. 









Signal showing machine cycle 1. 

“0” is output together with MREQ signal in the operation code fetch 
cycle. 

This signal is output for every opcode fetch when 2byte opcode is 
executed. 

In the maskable interrupt acknowledge cycle, this signal is output 
together with IORQ signal. 














Crystal oscillator connecting terminal. 
For O1F, connects an oscillator having the oscillation frequency as 
high as the system clock (CLK) frequency. 


: ~ 
Input 
- output 
For O2AF/O2AF-6, connects an oscillator having the oscillation 
frequency 2 times as high as the system clock (CLK) frequency. 


Single-phase clock output. 
CLK 1 Output |When the HALT instruction in STOP Mode is executed, MPU stops its 
operation and holds clock output at “0” level. 
Vcc (1), 5 Power +5 
(2) supply Connent 39 pin and 17 pin externally. 
supply 
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3. FUNCTIONAL DESCRIPTION 


The system configuration, functions and basic operation of the TMPZ84C01F/02AF-6 
are described here. 


3.1 BLOCK DIAGRAM 


The block diagram of the interval configuration is shown in Figure 3.1. 


MS1 MS2_ CLK 1 poe ae 


ADDRESS BUS OUTPUT CIRCUIT 











Vecqyy CLOCK GENERATOR 


CONTROL CIRCUIT 


INTERNAL COUNTER 
FOR WARMING-UP 






XTAL2 —> 


INTERNAL 
OSCILLATOR 
*(divider) 


XTALI 









Do~D7 


INTERNAL DATA BUS 





INTERFACE 
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Figure 3.1 Block Diagram 
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3.2. SYSTEM CONFIGURATION 


The TMPZ84CO1F/02AF-6 has a built-in system clock generator for CMOS Z80 in 
addition to the standard functions of the TMPZ84C00A CMOS Z80 MPU. 

The explanation is provided here with emphases placed on the halt function relative 
to the clock generator, which is an additional function. The internal register group, 
reset and interrupt function are identical to those of the TMP84CO0A. For details please 
refer to the data sheet for the TMPZ84CO0A. 

In this section, the following principal components and functions will be described, 


(1) Generation of clock 


(2) Operation mode 





(3) Warming-up time at time of restart 


3.2. 


—> 


Generating the system clock 


The TMPZ84C01F/02AF-6 has a built-in oscillation circuit and required clock can be 
easily generated by connecting an oscillator to the external terminals (XTAL1, XTAL2). 
For the TMPZ84CO1F, Clock in the same frequency as input oscillation frequency is 
generated. As the TMPZ84C02AF-6 has a built-in divider, Clock in the half frequency 
as input oscillation frequency is generated. 

Examples of oscillator connection are shown in Figure 3.2. 


XTAL1 Tr s" 


Cin CouT 
J i) 060489 


Figure 3.2 Example of Oscillator Connection 


Table 3.1 External connecting capacitance 
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In case of using Crystal oscillator, please use products with the following 
characteristics or use the following maker’s products. 


C Table 3.2 erste oscillator necessary eta eeus 


a Product 
| AMHz under4PF | under50Q | TMPZ84C01F 


under4PF | under30Q | TMPZ84C02AF-6 
12MHz__| under4PF | under25Q | TMPZ84CO2AF-6 


Figure 3.2 Crystal oscillator Table 3.3 Crystal oscillator of recommendation 


equivalent circuit _— 
AMHz MR4000-C20 
Tokyo Denpa Inc. 


MR8000-C20 
12MHz MIR12000-C20 











C Rs 
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3.2.2 Operation modes 


There are 4 kinds of operations modes available for the TMPZ84C01F/02AF-6 in 
connection with generation of clock ; RUN Mode, IDLE1/2 Modes and STOP Mode. One 
of these modes is selected by the mode select inputs (MS1, MS2). 

The operation mode is effective when the halt instruction is executed and when the 
halt instruction is not executed, clock is supplied continuously. Restart of MPU from the 
stopped state under IDLE1/2 Mode or STOP Mode is effected by inputting either RESET 
signal or interrupt signal (INT or NMI). 

Operations of these modes in the halt state are shown in Table 3.4. 









Table 3.4 Clock Generating Operation Modes 
Operation 


MS1 
RUN Mode 1 1 MPU continues the operation and supplies clock to the outside 
continuously. 


The internal oscillator’s operation only is continued and clock (CLK) 
IDLE1 Mode output as well as internal operation are stopped at “0” level of T4: 
| state in the halt instruction operation code fetch cycle. 
The internal oscillator’s operation and clock (CLK) output are 
IDLE2 Mode 1 continued but the internal operation are stopped at “0” level of T4- 


Description at HALT State 
























state in the halt instruction operation code fetch cycle. 





All operations of the internal oscillator, clock (CLK) output, and 
internal operation are stopped at “0” level of T4 state in the halt 
instruction operation code fetch cycle. 
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3.2.3 Warming-up time at time of restart (STOP Mode) 


33 


When MPU is released from the halt state by accepting an interrupt request,MPU, 
then, will execute an interrupt service routine. Therefore, when an interrupt request is 
accepted, MPU starts generation of internal system clock and clock output after a 
warming-up time by the internal counter (2 +2.5) TcC (TcC ; Clock Cycle) to obtain a 
stabilized oscillation for MPU operation. 

Further, in case of the restart by RESET signal, the internal counter does not operate 
for a quick operation at time of power ON. 


STATUS CHANGE FLOWCHART AND BASIC TIMING 


In this section, the status change and basic timing when the TMPZ84C01F/02AF-6 is 
operating are explained. 
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3.3.1 Status change flowchart 


dl 
m 
N 
m 
= 

il 

o 


YSTEM CLOC 
NO GENERATED? 


YES 


YES 


< 
m 
wn 
= 
oO 
: 


<“MODE SETTING 
K? 


YES 
YES 


z 
Oo 


{ 

— zm 
oO 

= 

= 






IMMEDIATEL YES 
AFTER ACCEPTING 








NO 
} Tw* 
vO 
QPERATION TX WAIT 
129 tw Wal NO Tw* 
TW WAIT 


YE 


a 
Oo. 


m4 


= 
II 
< 
m™m 
Wn 
< 
m 
7) 
< 
m 
iv.) 


— 
WwW 





ao HALT YES 
INSTRUCTION 
? [ HALT START j 
T4 
NO 
a 
15 YES 
v6 | TX WAIT NO 
VE BUSREQ =0 hn 


i 


060489 


Figure 3.4(a) Status Change Flowchart 
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INTERNAL OPERATION INTERNAL OPERATION 
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Figure 3.4 (b) Status Change Flowchart 
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3.3.2 Basic timing 


(1) 


The basic timing is explained here with emphases placed on the halt function relative 
to the clock generator. Except RFSH signal output, the following items are identical to 
those for the TMPZ84CO0A. Refer to the data sheet for the TMPZ84CO0A. 


@ Operation code fetch cycle 

o Memory read/write operation 

e Input/output operation 

e Bus request/acknowledge operation 

® Maskable interrupt request accepting operation 

@ Non-maskable interrupt request accepting operation 


e Reset operation 


Note that the TMPZ84C01F/02AF-6 dose not have the refresh terminal RFSH but 
refresh address is output on the address bus in the operation code fetch cycle (M1) as in 
the TMPZ84CO0A since the on-chip refresh control circuit is available. 


Operation when HALT instruction is execution 


When MPU fetches a halt instruction in the operation code fetch cycle, HALT signal 
goes active (low level) in synchronous with falling edge of T4 state for the peripheral LSI 
and MPU stops the operation. The system clock generating operation after this differs 
depending upon the operation mode (RUN Mode, IDLE1/2 Mode or STOP Mode). If the 
internal system clock is running, MPU continues to execute NOP instruction even in the 
halt state. 


(a) RUN Mode (MS1 =1, MS2 = 1) 


Shown in Figure 3.6 is the basic timing when the halt instruction is executed in 
RUN Mode. 

In RUN Mode, system clock (¢) in MPU and clock output (CLK) to the outside of 
MPU are not stopped even after the halt instruction is executed. Therefore, until 
the halt state is released by the interrupt signal (MNI OR INT) or RESET signal, 
MPU continues to execute NOP instruction. 
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VECYCLE: eS NIC EXCLE M1 CYCLE 


® T4 T1 T2 T3 T4 T1 T2 T3 


CYCLE RUPE ; si ag es NOP EXECUTION ——~|«———-nop EXECUTION 
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Figure 3.6 Timing of RUN Mode (at Halt Instruction Execution) 
(b) IDLE1 Mode (ML1 =0, MS2 =0) 


Shown in Figure 3.7 is the basic timing when the halt instruction is executed in 
IDLE1 Mode. 

In IDLE1 Mode, system clock (g) in MPU and clock output (CLK) to the outside 
of MPU are stopped and MPU stops its operation after the halt instruction is 
executed. 

However, the internal oscillator continues to operate. 


T4 


CLK | | rm 


PUINTERNAL MPU OPERATION STOP 
SYSTEM CLOCK) 





HALT 


a | “ut 


Mi 


HALT COMMAND OPERATION 


CODE FETCH CYCLE 
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Figure 3.7 IDLE1 Mode Timing (at Halt Instruction Execution) 
(c) IDLE2 Mode (MS1 =0, MS2 = 1) 


Shown in Figure 3.8 is the basic timing when the halt instruction is executed in 
IDLE2 Mode. 

In IDLE2 Mode, system clock (g) in MPU is stopped and MPU stops its operation 
after the halt instruction is executed. 

However,the internal oscillator and clock output (CLK) to the outside of MPU 
continues to operate. 
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Figure 3.8 IDLE2 Mode timing (at Halt Instruction Execution) 
(d) STOP Mode (MS1 = 1,MS2 = 0) 
Shown in Figure 3.9 is the basic timing when the halt instruction is executed in 


STOP Mode. 


In STOP Mode, internal operation and internal oscillator are stopped after the 
halt instruction is executed. Therefore, system clock (¢) in MPU and clock output 
(CLK) to the outside of MPU are stopped. 


11 T2 T3 T4 | 
CLK | CLK OUTPUT STOP 
(INTERNAL MPU OPERATION STOP 
SYSTEM CLOCK) 







HALT Pn Se 


Po eee eerneneestincenineDnsanfanvnintanancaneisnriinseensrineseienneriasrnestonnetasaantSveS nS OnteSSSSTTSTISEE ENNIS 
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Figure 3.9 STOP Mode Timing (at Halt Instruction Execution) 
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(2) 


Release from halt state 


The halt state of MPU is released when “0” is input to RESET signal and MPU is 
reset or an interrupt request is accepted. An interrupt request signal is sampled at the 
leading edge of the last clock cycle (T4 state) of NOP instruction. In case of the maskable 
interrupt, interrupt will be accepted by an active INT signal ( “0” level). In case of the 
non-maskable interrupt, if the internal NMI F/F which is set at the leading edge of MNI 
signal is set to “1”, the interrupt is accepted. 

However, in case of the maskable interrupt, the interrupt enable flip-flop must have 
been set to “1”. The accepted interrupt process is started from next cycle. 

Further, when the internal system clock is stopped (IDLE1/2 Mode, STOP Mode), it is 
necessary first to restart the internal system clock. The internal system clock is 
restarted when RESET or interrupt signal (NMI or INT) is input. 


(a) RUN Mode (MS1, MS2 = 1) 


The halt release operation by acceptance of interrupt request in RUN Mode is 
shown in Figure 3.10. 

In RUN Mode the internal system clock is not stopped and therefore, if the 
interruption signal is recognized at the rise of T4 state of the continued NOP 
instruction, MPU will executes the interrupt process from next cycle. 

The halt release operation by resetting MPU in RUN Mode is shown in Figure 
3.11. After reset, MPU will execute an instruction starting from address 0000H. 
However, in order to reset MPU it is necessary to keep RESET signal at “0” for at 
least 3 clocks. In addition, if RESET signal becomes “1”, after the dummy cycle for 
at least 2T states, MPU executes an instruction from address 0000H. 
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Figure 3.10 Halt Release Operation Timing by Interrupt Request Signal in RUN Mode 
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Figure 3.11 Halt Release Operation Timing by Reset in RUN Mode 
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(b) IDLE1 Mode (MS1 =0, MS2 = 0), IDLE2 Mode (MS1 =0, MS2 = 1) 


The halt release operation by interrupt signal in [DLE1 Mode is shown in 
Figure 3.12 (a) and in IDLE2 Mode in Figure 3.12 (b). 

When receiving NMI or INT signal, MPU starts the internal system clock 
operation . In IDLE1 Mode, MPU starts clock output to the outside at the same 
time. The operation stop of MPU in IDLE1/2 Mode is taken place at “0” level 
during T4 state in the halt instruction operation code fetch cycle. Therefore, after 
restarted by the interruption signal, MPU executes one NOP instruction and 








samples an interrupt signal at the rise of T4 state during the execution of this NOP 
instruction, and executes the interrupt process from next cycle. 
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If no interrupt signal is accepted during the execution of the first NOP 
instruction after the internal system clock is restarted, MPU is not released from 
the halt state and is placed in IDLE1/2 Mode again at “0” level during T4 state of 
the NOP instruction, stopping the internal system clock. If INT signal is not at “0” - 
level at the rise of T4 state, no interrupt request is accepted. 
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The halt release operation by resetting MPU in IDLE1 Mode is shown in Figure 
3.13 (a) and that in IDLE2 Mode in Figure 3.13 (b). 

When RESET signal at “0” level is input into MPU, the internal system clock is 
restarted and MPU will execute an instruction stored in address 0000H. 

At time of RESET signal input, it is necessary to take the same care as that in 
resetting MPU in RUN Mode. 
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Figure 3.13 (a) IDLE1 Mode 
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Figure 3.13 (b) IDLE2 Mode 
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(c) 


Figure 3.14 Halt Release Operation Timing by Interrupt Request Signal in STOP Mode 


® (INTERNAL 
SYSTEM CLOCK) 


STOP Mode (MS1 = 1, MS2 = 0) 

The halt release operation by interrupt signal in STOP Mode is shown in Figure 
3.14. | 

When MPU received an interrupt signal, the internal oscillator is restarted. In 

order to obtain stabillized oscillation, the internal system clock and clock output to 
the outside are started after a warming-up time of (2 +2.5) TeC (TcC : Clock 
Cycle) by the internal counter passed. 
MPU executes one NOP instruction after the internal system clock is restarted and 
at the same time, sampling an interrupt signal at the rise of T4 state during the 
execution of this NOP instruction. If the interrupt signal is accepted, MPU 
executes the interrupt process operation from next cycle. 

At time of interrupt signal input, it is necessary to take the same care as that in 
the interrupt signal input in IDLE1/2 Mode. The halt release operation by MPU 
resetting in STOP Mode is shown in Figure 3.15. 

When RESET signal at “0” level is input into MPU, the internal oscillator is 
restarted. However, since it performs a quick operation at time of power ON, the 
internal counter does not operate. Therefore, the operation may not be carried out 
properly due to unstable clock immediately after the internal oscillator is 
restarted. To restart the clock by RESET signal in STOP Mode, it is necessary to 
hold RESET signal at “0” level for sufficient time. When RESET signal becomes 
“1”, after the dummy cycle for at least 2T states, MPU starts to execute an 
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Figure 3.15 Halt Release Operation Timing by Reset in STOP Mode 
3.4 INSTRUCTION SET 


Instruction set of the TMPZ84CO1F/02AF-6 are the same as those for the 
TMPZ84CO0A. For details refer to the data sheet for the TMPZ84CO0A. 


3.5 METHOD OF USE 


A connecting example of the TMPZ84C01F/02AF-6 with the TLCS-Z80 family 
peripheral LSI’s is shown in Figure 3.16. For the explanation and precautions for 
connection, refer to Section 3.5 Method of use of the data sheet for the TMPZ84CO0A. 
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Figure 3.16 Example Connection with Z80 family peripheral LS! 
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4. ELECTRICAL CHARACTERISTICS 
4.1 ABSOLUTE MAXIMUM RATINGS 


PD | Power Dissipation (TA = 85°C) 
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4.2 DCELECTRICAL CHARACTERISTICS 
4.2.1 DC Chracteristics 
Ta =10°C to + 60°C (TMPZ84C01F @ Low voltage operation) 


|vcc [Supply Voltage | Malan 


Input High Voltage 
V -0. V i V 
(Except XTAL1) ves ee 
Input Low Voltage 
ae (XTAL1) Sf we fe fe 
Input Low Voltage : 
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4.2.2 DC Chracteristics (I ) 
vec =2.7V to 5.5V, Ta =-40°C to + 85°C (TMPZ84C01F @ Low voltage operation) 


SYMBOL ITEM TEST CONDITION" ee UNIT 


Pitt [Input Leak Current | Input Leak Current —_| Current JVSSSVINSVCC VINS JVSSSVINSVCC Vcc 


) 3 State Output Current VSSSVINS VCC 
in Floating 
Output High oe 
Output Low — 
Supply Current VCC = 3V, f= IMHz 
ee (@Run Mode) VIH = Vec, VIL =0V a as me 
Supply Current VCC = 3V, 
ine (@Stop Mode) VIH = Vcc, VIL = OV ee ~ a 
= | os | to | ma | 
= foro | 20 | ma | 












ICC3 Supply Current VCC = 3V, f= 1IMHz 
(@IDLE1 Mode) VIH = Vcc, VIL =0V 
Icc4 Supply Current VCC = 3V, f = 1IMHz 
(@IDLE2 Mode) VIH = Vcc, VIL=O0V 
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4.2.3 DC Chracteristics (II) 
Ta =— 40°C to 85°C, VCC =5V 410%, VSS=0V 


SYMBOL ITEM TEST CONDITION UNIT 
VOLC Low Level Clock Output IOL=2.0mA 
Voltabe 
High Level Clock eae 
Output Voltage eM ae Vec - 0.6 


Input Low Voltage 















Input High Voltage VCC 
VCC 
Input Low Voltage 
0.45 
ae (RESET) 


Input High Voltage 
VIHR (RESET) Vcc — 0.6 


Output Low Voltage 
(Except Clock) eae 
Output High Voltage __ 
VOHT | (Except Clock) peel 
Output High Voltage 
=-2 
VOH2 (II) (Except Clock) IOH = —250uA VCC - 0.8 
Input Leak Current VSSS VINS VCC 
3 State Output VSS +0.4SVOUTS 
Current in Floating Vcc 


VCC =5V, 
Supply Current fCLK=(NOTE1) |91F 
(@ RUN Mode) VIHC = VIH 
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SYMBOL ITEM TEST CONDITION Ka Di Bool UNIT 


VCC = 5V, fCLK = (Note2) 
VIHC = VIH = VCC ~0.2V 
VILC=VIL=0.2V 









Supply Current 
(@ STOP Mode) 























VcC=5V, 
fCLK = (Note1) 
VIHC=VIH = 
VCC -0.2V 
VILC=VIL= 
0.2V 





Supply Current 
(@ IDLE1 Mode) 




















VCC=5V, 
fCLK = (Note1) 
VIHC=VIH = 
VCC -0.2V 
VILC=VIL= 
0.2V 






Supply Current 
(@ IDLE2 Mode) 
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Note 1: fCLK=1/Tcc (MIN) 
Note 2: AtT4 “LOW” state of the halt instruction fetch cycle. 
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4.3 ACELECTRICAL CHARACTERISTICS 


TOPR= —40T to 85C , VCC =5V 410%, VSS=0V 
(1/4) 


O1F O1F O2AF-6 
(Vcc = 2.7V~5.5V _ : 
No. SYMBOL ITEM fCLK=1MHz) | feLK=4Mbz) | (CLK=6MHz) | Unit 


a fe [etoaetatigsime | 20 | 
rs fe [eoeersngtme +f 


[pew eter | — 
}7 francammean [Address cutout, defint pm 
RES ie clock rise to 


0 MREQ high level pulse width 
TWMREQI 


2 |TdCf (MREQr) 
3 | TdCf (RDf) —— 
Delay from clock rise to 
14 | TdCr (RDr) ae "H" 
sown Pat set-up time for clock 


16 |ThD(RDr) Data hold time for RD rise 


17. | TsWAIT (Cf) WAIT signal set-up time for 
8 I thwalt (cA) WAIT hold time after clock 


19 |Tdcr (M14) ca a clock rise to 
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O1F 


TOSHIBA | TMPZ84C01/02A 
(Vcc = 2.7V~5.5V 
fCLK = 1MHz) 


No. SYMBOL ITEM 


20 |TdC r(M10) ee Ou ease ve 400 100 ns 
M1="H 

21 |TdCf(RDr) Belay (rom Cece Waute 300 85 70 | ns 
RD="H 

22 |TdCr (RDF) Petey Wont clece tisert0 300 85 70 | ns 
RD=“"L 
Data set-up time for clock 

23 |TsD (Cf) fall (at time of M2, M3, M4,| 250 
M5 cycle) 
Address definite time prior 


25 |TdCr (IOROF) ea clock rise to 


O1F 
(fCLK = 4MHz) 


O2AF-6 
(fCLK = 6MHz) 











UNIT 














o1 
> 
n 





=) 
7) 





> 


NO “ Ro Ol 
Oo => on © OI 
© © © 


26 |TdCf(IORQr) Delay from clock fall to 


> 
nn 


~ ~ | oO 
i) ] (>) U1 
“ 7a) 





IORQ ="H" 
Data definit time prior to 

27 | TdD (WRf) WR fall 0 ns 
Delay from clock fall to 

28 | TdCf (WRf) WR = "L" 


29 


wWR WR pulse width 


TdC# (WRr) eee clock fall to 


nn 


30 


nn 


NO — 
No wo 
© () © 


Le 


31 |TdD (wre) Data definit time prior to 


WR fall 


”n 


Delay from clock rise to 


32 WR= ae 


TdCr (WRf) 


72) 


Output data holding after 


33 TdWRr (D) WR= “He 


nn 


NO WwW WwW QW WwW 
gi >) © © © 
_) © © (-) an) 


fo>) [oe] Sl 

U1 OT wm 
I — = 
WW m1 Ww NO = 
© on oO Loa © 


Delay from clock fall to 
HALT = “L" or“H" 


TwNMI NMI pulse width 
TsBUSREQ (Cr) ‘| Set-up time for clock rise 2 


ThBUSREQ (Cr) 


34 | TdCf (HALT) 
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(3/4) 


O1F O1F O2AF-6 
(Vcc = 2.7V~5.5V _ 
No. SYMBOL ITEM fCLK = 1MHz) | fCLK=4MHz) | (FCLK=6MHz) | Unit 
Time from clock rise to 
paekie iaene 4 10 
Time from clock fall to 
39 |TdCf(BUSACKr) |——._ 400 100 ns 
Delay from clock rise to data 
Delay from clock rise to 
41 |TdCr(CTz) control output float state 70 ns 
(MREQ, IORQ, RD, WR) 
Delay from clock rise to 
non address bus float state 


Address holding time from 
M ,|ORQ, RD or WR 


44. | TSRESET (Cr) RESET set-up time for clock 
ThRESET (Cr) RESET hold time for clock 


46 | TsINTf (Cr) INT set-up time for clock rise 
4 


TsINTr (Cr) | 
M1 output (“L") definite 
Tov MORaY time prior to IORQ fall 
Delay from clock fall to 
Tdcf (IORQF) [ORO = "L" 


Delay from clock rise to 
TdCr (IORQr) iORO = "H" 
51 | Tdcf (D) 


+ 
—~ 


350 
00 


3 | TdCr (A) 2 
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T hold time after clock rise 
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01F O1F O2AF-6 
(Vcc = 2.7V~5.5V ‘ Te 
SYMBOL ITEM FOL = Miia) | Sees AME |g eS OMNe) 
Clock (CLK) restart time Ss 
mls INT (STOP mode) 
Clock (CLK) restart time by 
TRS IZe NMI (STOP mode) 


Clock (CLK) restart time by 
oe INT (IDLE1/2 mode) ea 
Clock (CLK) restart time by 
ne NMI (IDLE1/2 mode) = 4 
Notel: Test conditions (1) @VCC=5V+10% 
VIH=2.4V, VIL=0.4V, VIHC=VCC —0.6V, VILC =0.6V, VOH=2.2V, VOL=0.8V 
Test conditions (2) TMPZ84C01F @Low Voltage Operation 
VIH=VCC-0.2V, VIL=0.2V, VIHC=VCC-0.2V, VILC=0.2V, VOH=VCC/2V, 
VOL=VCC/2V 


Note2: Items with an asterisk (*) are non-compatible with NMOS Z80. 
Note3: **TYPICAL 


(4/4) 





















UNIT 
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4.4 CAPACITANCE 
TA=25°C 


SYMBOL ITEM TEST CONDITION UNIT 


CCLOCK CLOCK input capacitance 
input capacitance 
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4.5 TIMING DIAGRAM 





Figures 4.1 to 4.10 show the basic timings of respective operations. Numbers shown 
in the figures correspond with those in the AC Electrical Characteristics Table in 4.3. 


A0~A15 
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Figure 4.1 Operation Code Fetch Cycle 


TW T3 


"So | | 
© © 
a. | [ 19, 


ao~A15 | | procraw || counter 


see e v rs 
7 | 
[2 





READ 
OPERATION 


(C——$—$$<$ $$ $$ 


D 
28) 
WR | a 
\N —_— 
WRITE | a 
OPERATION <@)>|<@)—> a: >| G3) | 
DO~D/7 ( DATA OUTPUT 
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Figure 4.2 Memory Read/Write Cycle 
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Tw Tw T3 
[oo N 
apt Pt OE 
A0~AT _ a l | | | 
a \e 12 Et 
TORQ | 
@~-LC@ rl @ | 
WAIT pe as Ht 
a | 4 ® os 
f RD 
+———_ 
Input 6) 
| was C9) ae 
po~D7 : men (Coote) 
m___|_ ye a ( 
N >| (40) |-<— 
a ie 
Output &, ® 
operation ——————— 
DO~D7 Data Output 
—— 
Note: 1 wait state (TW*) is inserted automatically by MPU. 070489 


Figure 4.3 Input/Output Cycle 





DOQ~D7 Input Data 


Note 1 TL is the final state of the preceding instruction. 
Note 2 2 wait state (TW*) is inserted automatically by MPU. 070489 


Figure 4.4 Interrupt Request/Acknowledge Cycle 
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FINAL M CYCLE M1 











® 
Nw ae 
6 
AO~A15 ee 
7 
1 Qo 








Note: NMI is asynchronous input but in order to assure the positive response in the following 
cycle, NMI triling edge signal cust be generated keeping abreast of the leading edge of the 
preceding TL state. 
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Figure 4.5 Non-maskable Interrupt Request Cycle 


FINAL M CYCLE 














TX TX T1 
© 4 
eat te. 
eee oi eee 
—- (39) 
BUSACK 
— (42) FLOATING rs 
A0~A15 TD ( 
eae FLOATING aa 
DO~D7 | }— 
MREQ Pat @) FLOATING ae 
RD zB ) 
_WR 
IORQ 
= —- 
M1 
HALT REMAINS UNCHANGED 


{ere A 
[en 


Note: 
1. TLis the final state of any machine cycle. 


2. TX is optional clock used bv requested peripheral LSI. aeags 


Figure 4.6 Bus Repuest/Acknowledge Cycle 
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HALT CAMMAND‘S 


— M1 —— M1 


T4 T1 T2 T3 T4 T1 T2 


; G5 * . 
NMI 


Note: INT signal is also used for releasing from the halt state. 


M1 
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Figure 4.7 Halt Acknowledge Cycle 





C—— M1 —S Ce PR 
T1 T2 
<< 
4) 
> < 
FLOATING 
FLOATING 
> ~<«- 
_MREQ 
“TORO a Cae 
IOR 
BUSACK 
HALT 070489 


Figure 4.8 Reset Cycle 
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(1) 


(2) 


T4 T1 hz T3 
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Figure 4.9 Clock Restart Timing (STOP Mode) 


CLK T1 T2 43 
(IDLE1 MODE) 


T4 ie T2 13 


CLK 
(IDLE2 MODE) 





INT 
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Figure 4.10 Clock Restart Timing (IDLE1/2 Mode) 


PRECAUTIONS 


To reset MPU, it is necessary to hold RESitT signal input at “O” level for ; least 3 
clocks. : 
In particular, to release the HALT state by RESET signal in STOP Mode, hold RESET 
signal at “O”level for sufficient time in order to stabilize output from the internal 
oscillator. 


In releasing MPU from the HALT state by interrupt signal in IDLE1/2 Mode and 
STOP Mode, MPU will not be released from the HALT state and the internal system 
clock will stop again unless an interrupt signal is accepted during the execution of NOP 
instruction even when the internal system clock is restarted by the interrupt signal 
input. In particular, care must be taken when INT is used. 

Other precautions are identical to those for the TMPZ84CO00A except those for RFSH 
terminal. Refer to the data sheet for the TMPZ84CO0A. 
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6. OUTLINE DRAWING 


QFP44-P-1414F 
16.9+0.3 
14.0+0.2 


Unit: mm 





[0.8] 3.0TYP 


14.0+0.2 





16.9+0.3 


3..Q0TYP 


3.05MAX 





1.15 +0.2 170489 


Note: Package Width and Length do not include Mold Protrusions. 
Allowable Mold Protrusion is 0.15mm. 
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TMPZ84C10AP-6 / TMPZ84C10AM-6 / TMPZ84C10AT-6 
CMOS-Z80 DMA: DIRECT MEMORY ACCESS CONTROLLER 


1. GENERAL DESCRIPTION AND FEATURES 


TMPZ84C10A (hereinafter referred to as DMA) is the CMOS Z80 DMA (Direct 
Memory Access Controller) which provides low power consuming but powerful and 
versatile operations. 

This DMA is designed to improve system performance by allowing the system 
memory and peripheral LSI’s to directly transfer data between them. 
Memory-to-memory and [/O-to-I/O (I/O devices as peripheral LSI or I/O devices such as 





printer, etc.) data transfer capability is also provided. 
The TMPZ84C10A is fablicated using Toshiba’s CMOS Silicon Gate Technology. The 
principal functions and features of the TMPZ84C10A are as follows. 


(1) Compatible with the Zilog Z80 DMA. 

(2) DC to6MHz operatio | 

(3) Single 5V power supply (at 5V + 10%) 

(4) Data transfer rate 3M bytes/sec (at 6MHz) 
(5) Data transfer in max. 64K byte block length. 


(6) Address generation with incrementing, decrementing, or fixed address by source 
and destination. 


(7) Built-in daisy chain structure interrupt circuit. 


(8) Low power consumption 
10pA MAX (5V, stand-by) 


(9) Extended operating temperarure 
—40°C to 85°C 


(10) Transfer, search, or transfer/search operations can be specified. 
(11) Byte, burst or continuous modes can be specified. 
(12) Bit maskable byte searching function. 


(13) Built-in Reset logic that is synchronized external signal, Software and when 
powered on. 


Further, in the following text and explanations for charts and tables, hexadecimal 
numbers are directly used without giving an identification to explanation of address, 
etc. to the extent not to cause confunctions. 


Note:  Z80isa trademark of Zilog Inc., U.S.A. 
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2. PIN ASSIGNMENTS AND PIN FUNCTIONS 


The pin assignments and I/O pin names and brief functions of the TMPZ84C10A are 
shown below. | 


2.1 PIN ASSIGNMENTS 
The pin assignments of the TMPZ80C10A are as shown in Figure 2.1, Figure 2.2. 





40 [] AG 
39 [1 A7 
38 1] IE! 
INT/PULSE 
|EO 
DO 
DO 
D1 D1 
D2 D2 
D4 
D4 VSS 
VSS (OV) D5 
D7 
D6 Mi 
D7 NC 
26 Mt 
25 (| RDY 
24 11 A8 
23 AQ 
22 [1 A10 
21 A11 100489 
100489 
Figure 2.1 DIP, SOP Pin Assignments Figure 2.2 PLCC Pin Assignments 


2.2 PINNAMES AND FUNCTIONS 
Table 2.1 Pin Names and Functions (1/2) 


Number {Input/Output ; 
A0~A15 16 Output 16-bit address bus. 
3-state DMA output address bus to source port and destination port. 
nor Single phase clock signal. 
CLK | : Clock input to DMA. The same clock as that for MPU can be used. 


Write signal. 
WR 1 [/O When used as input, MPU writes to DMA control register. When 
_ 3-state used as output, DMA controls write to the memory or I/O port 
address. 


Read signal. 
When used as input, MPU reads out of DMA status register. When 
used as output, DMA controls read from the memory or I/O port 
address. 
























1/O 
3-state 
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Table 2.1. Pin Names and Functions (2/2) 


Pin Name poe BUS Ups Functions 
of Pin 3-state 
1 I/O I/O request signal. 
3-state When |/O data is read or written, DMA controls read/write. 
MREOQ 1 Output Memory request signal. 
3-state When memory data is read or written, DMA controls read/write. 


Bus line enable output signal. 
BAO 1 Output In the several DMA configuration, controls priority for the bus using 
right. 
inued Bus line enable input signal. 
Indicates that the system bus using right is released for DMA control. 
BUSREQ Bus line enable input signal. 
Indicates that the system bus control are sent to MPU. Open drain. 


Chip enable/wait signal. 
Input Normally, operates as CE but it is possible to program to operate as 
WAIT at time of data transfer. 
Ready signal. 
Input Monitored by DMA to determine effective polarity. Effective 
polarity is programmable. 
Output Using jointly with IEl, forms the daisy chain structure for interrupt 
priority when several peripheral LSI’s are connected. 
Interrupt enable input signal. 
Input Using jointly with IEO, forms the daisy chain structure for interrupt 
priority when several peripheral LSI’s are connected. 
Interrupt request signal. 
Output ; , , 
For interrupt request and pulse generation. Open drain. 


Power supply | + 5V 


Power supply | OV 





















i 





2) 
m 
S 
P 
il 
















Signal showing machine cycle 1. 
Indicates that MPU is in the operation code fetch cycle or 
interruption acknowledge. 










8-bit bidirectional data bus. 
Control byte from MPU, status byte from DMA and data from the 
memory or I/O are transferred through these terminals. 





DQ-D7 


si 






Interrupt enable output signal. 
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3. DESCRIPTION OF OPERATION 
3.1 BLOCK DIAGRAM 





IEl 1EO INT/PULSE 
INTERRUPTION PULSE BYTE PORTA 
CIRCUIT | |COUNTER| | ADDRESS 


BUS PRIORITY 
CIRCUIT 





| MULTI 
oe PLEX. 


Ao 
Dvr } 
A15 


CONTROL 


BYTE | | porRTB 
ADDRESS 


CEWAIT BUS 
RDY Mi, IORQ, CONTROL 
MREQ RD, WR CIRCUIT 


STATUS 
REGISTER 


EQUALITY 
CIRCUIT 








BUSREQ BAI BAO 100489 


Figure 3.1 Block Diagram 
3.2 SYSTEM CONFIGURATION 


The architecture (system configuration and functions) which must be known in using 
DMA will be described here. 


Components 


(1) Reset circuit 
(2) Control & status register group 
(3) Bus control circuit 
(4) Pulse circuit 
(5) Byte counter 
(6) Byte equality circuit 
(7) Port A address, Port B address 
(8) Interrupt priority circuit 
(9) Basic function 
(10) Interrupts 
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3.2.1 Reset logic 
DMA has following three reset functions. 
(1) Power on reset 
DMA has reset circuit that is synchronized automaticaly when powered on. 


(2) External signal reset 





When M1 signal is active more than two system clocks without an active RD or IORQ 
signal, the DMA is reset at rising edge of M1 signal. 


(3) Soft ware reset 


3.2.2 Control & status register group 








The DMA is provided with 21 writable register control register group and 7 readable 
register status register group. Registers are all in 8 bits but 2 byte data is held in 
optional 2 continued registers. The Z80 Microprocessor (hereinafter referred to as MPU) 
is capable of setting and monitoring values in respective registers. 

The control register group is classfied into 7 groups of WRO to WR6 (Figure 3.2), each 
of which is consisting of the basic register and related registers. The operation of DMA 
is controlled by programming in the control register group. 

The status regiser group consists of PRO to PR6 (Figure 3.3) and are used to know 
state of execution or end of DMA operation. 

Further, these registers are described in detail in 3.4 Commands. 


MPUZ80-99 














TOSHIBA TMPZ84C10A 


= 
A 
oO 
“Nw 
cm) 


“J 
N 
c+ 
se] 
+ 
Cc 
n 
oy 
— 
ma 
@ 
(o>) 


Basic register 
RRO 


— 
ut 
oO 
~ 
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Port A Start address 


Block length RR1 Byte counter (low order 8 bit) 


Ce ee ee ee ee ee ee eee ee ee ry 


Basic register 
RR2 Byte counter (high order 8 bit) 


Port A variable timing 


WR2 RR3 Port A Address counter (low order 8 bit) 
Basic register 


= 
2 


Port B variable timing 


RR4 Port A Address counter (high order 8 bit) 


eee ee ee eee ee eee eee ee eee ee eee eee eee ee eee eee eee ee ee ee ee es 


Basic register 


RR5 Port B Address counter (low order 8 bit) 
Mask byte 


Match byte 


RR6 Port B Address counter (high order 8 bit) 


ee ee ee ee eee eee ee ee ee ee eee ee ee ee ee ee ee ee 


= 

A 

Pp 
o 
oO 
as 
fos) 
ite) 


Basic register 
Figure 3.3 Status Register 
Port B Start address 
Interrrupt control byte 


Pulse control byte 


Interruption vector 


eee ee ee ee ee ee ee eee eee ee ee ee ee ee ee ey 


Basic register 


= 
es 


ee ee ee ee ee ee eee eee ee ee eee ee eee ee eee ee ee ee ey 


Basic register 


Read out mask | 
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Figure 3.2 Control Register 
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3.2.3 Bus control circuit 


The bus control circuit controls bus direction between DMA and system bus at time of 
programming, while controls the control bus at time to data transfer according to the 
data transfer direction between the memory and I/O devices. In addition, it controls 
updating of required address counter and byte counter. 


(1) Bus direction control 


e At time of programming, the bus master is MPU and the control bus and data bus 
(when data is written into the control regiser) are in the direction from the system 
bus to DMA. Further, when data (status, etc.) is read from the control register, the 
direction will be from DMA to the system bus. At this time, the address bus buffer 
is disabled. 


e At time data transfer, the bus master is DMA. The control bus buffer and address 
bus buffer are enabled, and the bus direction will become from DMA to the system 
bus. 


e When data is read out of the memory or I/O device, the data bus direction is from 
the system bus to DMA but it becomes in the direction from DMA to the system bus 
at time of data write. 


(2) Bus request 


If DMA requested MPU to transfer the bus control right and received it, MPU cannot 
fetch commands from the memory and is placed in the completely idle state. 

For DMA to request the bus control right to MPU, following 2 enable conditions are 
required: 


(a) Enable command from MPU 
(b) Active RDY condition 
3.2.4 Pulse circuit 


The pulse circuit generates pulse signals in the INT line for every 256 bytes of 0 to 
255 when data transfer is started. The details are described in 3.3.2 (2) (k). 


3.2.5 Byte counter 


The byte counter is cleared when data is transferred and is incremented by one 
whenever data is transferred for every 1 byte. A value of this counter is always 
compared with block length of WRO and when they agree with each other, the DMA 
operation ends. 


3.2.6 Byte equality circuit 


DMA always monitors data being transferred during the data teansfer and when 
equality is detected, generation of interruption becomes possible. 


_ MPUZ80-101 














TOSHIBA | TMPZ84C10A 


3.2.7 Port A address, Port B address 


Data transfer is performed between Port A and Port B. Either port is specified by the 
source and destination specified by WRO. 


3.2.8 Interrupt priority circuit 


(1) 


(2) 


The Z80 system used the daisy chain structure to control interrupt among peripheral 
LSI’s and the bus priority among multiple DMA’s. 
Further, for the interrupt timing, refer to 3.2.2 (2) Qj). 


Interrupt daisy chain 


When the interrupt priority is connected in the daisy chain structure, connect [KI and 
IEKO. When the interrupt is acknowledged, the interrupt configuration of MPU is 
disabled. In order to allow other peripheral LSI to make the interrupt into MPU, it is 
necessary to enable the MPU’s interrupt configuration by the interrupt enable 
command. The interrupt enable command is normally executed in the service routine. 
When the interrupt enable command is executed in the early part of the service routine, 
a peripheral LSI with higher priority can make the interrupt even when MPU is 
executing the service routine. (Interrupt in the nest structure is authorized.) 


Ni SS See 
INT 
+5V ———~> IE! TO INTERRUPTION 
DEVICE IN LOWER 
PRIORITY ORDER 


THE HIGHEST PRIORITY DEVICE 
| 100489 


Figure 3.4 Interruption Daisay Chain 
Bus request daisy chain 


When multiple DMA’s are used, priority can be controlled by the daisy chain 
structure connection. Since BUSREQ signal of each DMA is bidirectional type, each 
DMA in the daisy chain is able to know bus requests as an input and until a DMA 
having the bus completes its operation, the bus requests of other DMA’s are kept in wait 
state. Until completion of the operation, any DMA is not able to release the bus in 
operation by force. Further, the bus request daisy chain has no nesting function but is 
able to hold the bus until its process is completed. The priority among DMA.’s in the 
daisy chain is in order from high order to low order corresponding to distances drom 
MPU. Priority is so decided that low order DMA will not receive BUSACK signal 
through BAI/BAO chain of DMA when multilpe DMA’s made the bus request in the 
same clock cycle period. 
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BUSREQ |<——______4  ———__________—_--------- 


BURG |e eee 
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Figure 3.5 BUS REQUEST Daisy Chain 


3.2.9 Basic functions 


(1) 


(2) 
(3) 


(4) 
(5) 
(6) 
(7) 
(8) 


DMA is provided with the following basic functions: 
Data transfer paths 


Transfer between memory and I/O 
Transfer between memories 
Transfer between I/O and I/O 
Memory search 

I/O search 


eBeONO 


Operating classes 
Operation modes 


@ Byte mode 
@ Burst mode 
@ Continuous mode 


Transfer speed 
Operating conditions 
Automatic restart 
Variable cycle 


Pulse generation 
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3.2.9.1 Data transfer paths 


(1) 


(2) 


(3) 


The data transfer paths of DMA are as shown in Figure 3.6. 


/O 


@ Transfer between 
memory and I/O 

@ Transfer between 
memories 

@ Transfer between 

1/O I/O and I/O 
@ Memory search 
© I/O search 
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Figure 3.6 Transfer Paths of DMA 
Transfer between memory and I/O 


This is the most ordinary method of data transfer and data transfer with the high 
speed serial interfaces (Z80SIO, etc.) is possible. 


Transfer between memories 


This method of transfer is used for relocation of the memory content and high speed 
transfer of voluminous data between memories. In addition, this method is used to 
support memory mapped I/O. It is possible to program to make RDY conditions active 
for this type of data transfer. | 

The same function as that of LDIR command (block transfer command) of the Z80 
MPU is provided. Number of clocks required by MPU for transfer of data of single byte 
is 21 clocks in case of the LDIR command while it can be processed in 4 clocks when 
DMA is used (in case of 2 cycle variable timing). Further, when DMA is used, approx. 
420 clocks are required for initialization but in transfering data of 25 bytes or above, 
DMA becomes advantageous. 


Transfer between I/O and 1/O 


This method of transfer can be used in such applications as acquisition of real time 
data requiring temporary storage of input data. For instance, in transfering data from a 
diskette to a line printer, a program only starts the DMA operation and data is 
transferred from I/O to I/O. However, if I/O error occurred, its recovery becomes 
necessary. 

Further, when there is a byte equality, it is possible to branch into various operations 
by the search function. 
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(4) 


(5) 


Memory search 


This memory search is used to search a large quantity of data at high spped. The 
same function as that of CPIR command (search command) of the Z80 MPU is provided. 
Number of clocks required by MPU for single byte memory search is 21 clocks when the 
CPTR command is used while the search is possible in 2 clocks ( in case of 2 cycle 
variable timing) when DMA is used. Further, approx. 376 clocks are required for 
initialization when DMA is used and therefore, DMA is advantageous for memory 
search of more than 19 bytes. In addition, the search of special bytes in the end of block 
and character check block is also possible. 


1/O search 


This is used for search of special bytes in the end of block and character check block. 
For instance, this is used for search of a file mark showing a file delimiter on a magnetic 
tape. 


3.2.9.2 Operating classes 


(1) 


(2) 


There are 3 kinds of basic operation classes for DMA. 2 out of these 3 kinds are 
further devided into 2 classes. In addition, the ports referred to here denote the data 
source and destination. 


Data transfer between 2 ports 
© Transfer 


Data transfer path in the flow of readout cycle followed by write cycle. This is 
executed without external logic circuit between DMA and MPU. 


@ Simultaneous transfer 


Data transfer path for simultaneous read and write of data transferred between 
ports by generating required control signal through use of an external logic circuit. 
2 times of effeciency of the transfer only class is obtained. 


Search of special bit pattern in byte at one port 
© Search 


This is a method to search special bit pattern by comparing data read from the 
source port with a matched byte. The matched byte is masked by another byte and 
can be compared with a special bit pattern (a certain bit in bytes). 
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(3) Datatransfer between 2 ports and search | 
@  Transfer/search 


Data transfer is performed in the same transfer method as that of the only 
transfer class and at the same time, the same search as that for the search only 
class is performed. 


@ Simultaneous transfer/search 


Data transfer is performed in the same transfer method as that of the 
simultaneous transfer class and at the same time, the same search as that for the 
search only class is performed. 

In this case, an external logic circuit is required. 


3.2.9.3, Operation modes 


In the transfer methods for various operation classes, DMA can select the following 
modes: 


e Byte mode 
e Burst mode 
e Continuous mode 


The single byte transfer/search is shown in Figure 3.7 (commonly applicable to all 
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Figure 3.7 Single Byte Transfer/Search 
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The data transfer is started at the point of time when DMA is enabled. In the first 
single byte operation in any mode, RDY signal is first checked to determine if it is 
active. 

Then, the bus request is made and single byte transfer/search is performed when 
DMA becomes the bus master. The same operation is continued until the end of block 
judgement is made. If it is not the end of block, however, a different operation is carried 
out after judgement of RDY signal. The operations in respective modes are as shown in 
Figure 3.8, 3.9 and 3.10. | 





(1) Byte mode 


In the data transfer operation of DMA, the system bus control right is released 
whenever 1 byte is transferred at a time and the system bus control right is returned to 





MPU for at least one machine cycle period. 

If RDY signal of DMA is active when one machine cycle passes after the system bus 
control right is returned to MPU, the bus request is made again to MPU and next one 
byte data transfer is performed. Further, when RDY signal is non-active, the system bus 
control right is retained by MPU. This operation is shown in Figure 3.8. 
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Figure 3.8 Byte Mode 
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(2) Burst mode 


In the burst mode, after one byte data is transferred, RDY signal is checked to 
determine if it is active without releasing the system bus control right. If RDY signal is 
active, data transfer is continued until RDY signal becomes non-active and after the 
data transfer is completed, DMA stops to operate. Since MPU is ready to operate during 
the period in which I/O device does not transfer data (when RDY signal is non-active), 
data transfer rate and bus using efficiency are effective. 

This operation is shown in Figure 3.9. 
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Figure 3.9 Burst Mode 
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(3) Continuous mode 


When the data transfer is commenced, DMA retains the system bus control right 
until the transfer of last byte of a data block is completed or the stop condition of RDY 
signal becomes non-active during the operation, DMA is simply put in the idle state and 
still retains the system bus control right while waiting that RDY signal becomes active 
again. What must be taken care of is that if number of data bytes is smaller than that 
set in the byte counter, DMA cannot end the block transfer forever and the system is 
impeded to operate properly. 

This operation is shown in Figure 3.10. 
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Figure 3.10 Continuous Mode 
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3.2.9.4 Transfer speed 


Shown in Table 3.1 are the comparison of max. transfer rates in 5 transfer classes of 
DMA operation and that of max. transfer rates in block transfer command of MPU. The 
max. speed transfer rate is accomplished in the simultaneous transfer operation of DMA 
and at least one external logic circuit is required. DMA transfers shown in the table are 
based on the assumption that interruption is not involved in the burst or continuous 
mode, and that the read and write cycle is 2 cycles. 


Table 3.1. Transfer and Search Max. Speed 
(Burst and continuous modes) 


Z -— 80 
Conky 


Simultaneous transfer of DMA ‘| 














DMA search only 
Simultaneous transfer/search 


DMA transfer 
DMA transfer/search al 1.5M byte/s 


3M byte/s 

















0.300M byte/s 
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Block transfer command of MPU 





Shown in Table 3.2 is the comparison of the Z80 throughput reduction rate (per 
transfer K baud) in the byte mode of data transfer by DMA with the throughput 
reduction rate in the byte transfer using the interrupt service routine by six commands 
(actual minimum) by MPU. The DMA transfer in this data is based on the assumption 
that read and write cycle timing is longer than 2 cycles (min.). Therefore, MPU 
throughput reduction rate in the 2 cycle simultaneous transfer is further reduced. 


Table 3.2 Z-80 MPU Throughput Reduction Per DMA 
Transfer K Baud (Byte Mode) 


Z-80 
nity 


DMA transfer x 
DMA transfer/search 


MPU transfer by interrupt 0.142% 
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0.027% 





3.2.9.5 Operating conditions 


Programmable conditions to get DMA perform certain operations and these 
operations are shown in Table 3.3. The conditions referred to here are those conditions 
for the internal registers of DMA, signals from peripheral LSI’s and commands to DMA 
on the data bus. For details refer to Table 3.3. | 
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Table 3.3 Operating Conditions 


Conditions Operations that can be caused 
under conditions at left hand 


End of block . Bus release 
MPU interruption 
. Auto restart 
















eg 









. Busrelease 
MPU interruption 
Continuation 


Pulse control byte coincided with low a. Pulse generation 
order byte of byte counter 
RDY signal is active a. Bus request 

b. MPU interruption 


RDY signal is non-active a. Bus release 


b. Breaking 
RETI command (interruption return 
command from MPU) 


(in case of continuous mode) 
3.2.9.6 Auto restart 


Coincidence of byte 


oe 
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In DMA data transfer, it is possible to automatically clear the byte counter, load the 
content of the start address register on the address counter again and restart the data 
transfer at the end of block. 

The automatic restart function can reduce a burden of software on MPU in the CRT 
refresh or repeating operation. In addition, it is possible to write different start address 
into the buffer register during the data transfer (when RDY signal is non-active and the 
bus is released during the data transfer in the byte mode or burst mode). At this time, it 
becomes possible to commence the automatic restart of data transfer from a new start 
address. 


3.2.9.7 Variable Cycle 


DMA is capable of changing readout and write cycle lengths through programming. 
This function is effective in increasing data transfer rate and reducing a burden on a 
software, and an external logic circuit may be omitted. Refer to 3.3.2 (2) (i) where this 
function is described. 


3.2.9.8 Pulse generation 


DMA generates pulse signal on the INT line for every 256 bytes for data transfer. 
This is described in detail in 3.3.2 (2) (k). | 
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3.2.10 Interrupt 


3.6 


DMA is able to make an interrupt request to MPU under the following conditions: 


e After DMA’s RDY signal becomes active and before DMA makes a bus request 
(BUSREQ = “0”) —_ 


e When the content of the byte counter coincides with that of the block length 
register and the end of block is detected. 

@ When the content of the coincided byte masked by the mask byte coincides with 
data in the transfer or search period when the byte coincidence is formed. 


To make an interrupt request to MPU, it is necessary for DMA to release the bus. If 
DMA is the bus master, signal on the INT line generates periodic pulses to the 
peripheral LSI’s, which are not sensed by MPU. 

Therefore, at the end of block or after stop by byte coincidence, DMA releases the bus 
before interrupting MPU. 

If interrupt at the enf of block and automatic restart at the end of block are set for 
DMA by programming, an interrupt is taken place at each end of block (at this point of 
time, it is acknowledged for the continuous operation). If the automatic restart is 
programmed in this case, the status flag at the end of block is not set. In this case, the 
interrupt vector cannot determine a factor for that interrupt. 

On the Z80 system, interrupt is controlled through the daisy chain system. For the 
interrupt daisy chain, refer to 3.2.7 Interrupt/Priority Circuit. In addition, for the 
interrupt timing, refer to 3.3.2 (2) (j). 


Status change flowchart and basic timing 


The status change flowchart and the basic data transfer timing by DMA are shown 
here. The status change flowchart is shown in 3.3.1 and the basic timing in 3.3.2. 
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3.3.1 Status change flowchart 
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Figure 3.11 (a) Status Change Flowchart Figure 3.11 (b) Status Change Flowchart 
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Note: The details for signal byte transfer/search is shown in Figure 3.11 (b) 
Status Change Flowchart. 


Figure 3.11 (c) Status Change Flowchart 
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3.3.2 Basic timing 


When DMA receives a command from MPU or reads the readout register, MPU has 
the system bus control right, BUSACK=“1”, and MPU is called the bus master. When 
DMA operation is data transfer by DMA proper, BUSACK=“0”, and DMA gets the 
system bus control right and becomes the bus master. 


(1) When the bus master is MPU: 
(a) Write timing into the write register 


To write data into the write register, it is necessary for 3 signals of CE, IORQ 
and WR to become “0” simultaneously at the rising edge of clock. At this leading 
edge, DMA latches these 3 signals. After latched, CE, IORQ and WR signals may 
change to the invalid level after certain hold time. Further, DMA writes the status 
of the data bus (D0 to D7) into necessary write registers at the rising edge of next 





clock. 
CLK 
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IORQ Nec rt ce ce ne | ee ee een me ee ee 
WR 
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CE, IORQ, WR, <—— DATAIN DO~D7 ARE 
SIGNALS ARE LATCHED. WRITTEN. 
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Figure 3.12 Write Timing into the Write Register of DMA 
(6) Readout timing from the readout register 


To readout the readout register it is necessary that 3 signals of CE, IORQ and 
RD are at “0” and stable for more than 2 clocks. At the rising edges of 2 clocks, the 
status data is on the data bus and kept as long as CE, IORQ and WR signals are 
active. 
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Figure 3.13 Readout Timing from the Readout Register of DMA 
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(2) When DMA is the bus master: 
(a) Transfer 


Transfer and transfer/search operations are performed at the same timing. 

Data is latched at the rising edge of RD signal (in case of the standard timing, the 
falling edge of T3 state) and held on the data bus during next write cycle. After RD 
signal becomes “1”, the data bus buffer of DMA is enabled. 

The standard timing is 3 clock cycles for the memory operation while it is 4 
clock cycles for the I/O operation. In addition, in the I/O operation, the timing is 4 
clock cycles including TW* which is automatically inserted between T2 and T3 
state. | 
When CE/WAIT signal is programmed as “Multiplex” in the write register WR5, 
DMA samples the status of this signal at the falling edge of T2 in case of the 
memory readout and at the falling edge of TW* in case of the I/O write. If WAIT 
signal is at “0” level at this time, DMA inserts one clock cycle (Tw) and if it is at “1” 
level, proceeds to next cycle. Further, when Tw is inserted, WAIT signal is 
sampled again during this period and the same processing is performed. 
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Figure 3.14 Transfer Standard Timing of Memory to I/O 
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. Memory to I/O 
In the memory readout, DMA put the memory saauceen on the memory bus (AO 
to A5) in the period of T1 rise and bring MREQ and RD signals to “0” level at the 
falling edge of T1 state. The memory data is read out at this point of time, put on 
the data bus (D0 to D7), latched by DMA at the falling edge of T3 immediately 
before the rise of RD signal, and when RD signal becomes “1” level, DMA data bus 
buffer is enabled and the latched data is output on the data bus. 
In the I/O write cycle, DMA put I/O address on the addresss bus in the T1 rise 
period, makes IORQ signal and WR signal to “0” level in the T2 rise period, and 
writes the data on the data bus (data readout from the memory) into I/O. 











e I/O to memory 
In the I/O readout cycle, DMA put I/O address on the address bus in the Tl rise 
period and makes IORQ signal and RD signal to “0” in the T2 fall period. I/O data 
is read out and placed on the data bus at this time, and is latched by DMA at the 
trailing edge of T3 immediately before the rise of RD signal. When RD signal 
becomes “1” level, DMA data bus buffer is enabled and the latched data is output 

on the data bus. 
In the memory write cycle, DMA places memory address on the address bus in 
the T1 fall period, makes MREQ signal to “0” level at the falling edge of T1 and WR 
signal to “0” level in the T2 rise period, and write data on the data bus (data 
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Figure 3.15 Transfer Standard Timing of I/O to Memory 
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e Memory to memory 
This operation is a combined operation of the memory read cycle and memory 
write cycle. 
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Figure 3.16 Transfer Timing of Memory to Memory 
® 1/O to /O 


This operation is a combined operation of the I/O read cycle and I/O write cycle. 
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‘Figure 3.17. Transfer Timing of I/O to I/O 


MPUZ80-118 


TOSHIBA TMPZ84C10A 


(b) 


Search timing 


The search operation is identical to the readout only operation and data is only 
read into DMA register for comparison with coincided byte. 

The timing of search operation is identical to that of memory to I/O transfer 
shown in Figure 3.14 and that of I/O to memory transfer in Figure 3.15. 


Simultaneous transfer 


The simultaneous transfer operation and the simultaneous transfer/search 
operation are performed in the same timing. 

When DMA is programmed in the search only mode, the read and write cycles 
are generated in one read cycle (source port readout period). Since only one 
address is generated on the address bus, the memory or I/O control signal is 
generated using an external logic circuit and DMA operation is performed 
according to this control signal. In addition, I/O ports are selected by hardware 
during the operation. Signals with (EXT) shown in Figure 3.18 through Figure 
3.21 are those generated by an external logic circuit. 


Memory to I/O (Memory search cycle) 


In this data transfer, the memory search mode is programmed and the memory 
readout and I/O write are performed in one read cycle by generating IORQ signal 
and WR signal in the memory readout cycle using an external logic circuit. The 
hardware performs the memory readout by MREQ signal and RD signal that are 
output by DMA and the I/O write by IORQ signal and WD signal that are 
generated using an external logic circuit. 
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Figure 3.18 Simultaneous Transfer Timing of Memory to I/O 
(Memory search timing) 


I/O to memory (Memory search cycle) 


In this data transfer, the memory search mode is programmed and the I/O read 
and memory write operations are performed in one readout cycle by generating 
TORQ signal and WR signal in the memory readout cycle using an external logic 
circuit. The hardware performes the I/O readout using RD signal output by DMA 
and IORQ signal generated by an external logic circuit and the memory write 
using MREQ signal generated by DMA and WR signal produced by an external 
logic circuit. 
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Figure 3.19 Simultaneous Transfer Timing of I/O to Memory (Memory search timing) 


Memory to I/O (I/O search cycle) 


In this data transfer, the I/O search mode is programmed and the memory read 
and I/O write operations are performed in one readout cycle by generating MREQ 
signal and WR signal in the I/O readout cycle using an external logic circuit. The 
hardware performs the memory readout using RD signal output by DMA and 





MREQ signal generated by an external logic circuit and the I/O write using IORQ 
signal generated by DMA and WR signal produced by an external logic circuit. 


I/O to memory (I/O search cycle) 


In this data transfer, the I/O search mode is programmed and the I/O read and 
memory write operations are performed in one readout cycle by generating MREQ 
signal and WR signal in the I/O readout cycle using an external logic circuit. The 
hardware performs the I/O readout using IORQ and RD signals output by DMA 
and the memory write using MREQ signal and WR signal produced by an external 
logic circuit. 
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Note: Althrough addresses on AO-A15 are originally I/O addresses, they are handled as 
memory addresses. 


Figure 3.20 Simultaneous Transfer Timing of Memory to I/O (I/O search timing) 
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Note: Althrough addresses on AO-A15 are originally vO addresses, they are handled as 
memory addresses. 


Figure 3.21 Simultaneous Transfer Timing of I/O to Memory (I/O search timing) 
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(d) Bus request timing 


When RDY signal becomes active, DMA samples RDY signal at the rising edge 
of the clock and if the bus is not full (BUSREQ=“1”) DMA makes BUSREQ signal 
to “0” level at the rising edge of next clock and request MPU to hand over the 
system bus control right. 

MPU samples BUSREQ signal at the rising edge of the last state clock of the 

machine cycle which MPU is executing at that point of time and if it is “O”, makes 
BUSACK signal to “0” level at the rising edge of next clock. 
Therefore, maximum value of a time required for MPU to hand over the bus 
control right to DMA (BUSACK=“0”) after DMA detected that RDY signal 
becomes active is the sum of one machine cycle (valiable) and one clock period of 
MPU. 

When detecting that BAI (BUSACK) signal is at “0” level for 2 clock period, 
DMA start the DMA action. There is the delay time of max. One machine cycle 
+3 clock period after RDY signal becomes active till the DMA action is actually 
started. 
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Figure 3.22 Bus Request Timing 


(e) Busrelease timing - byte mode 


In the byte mode, DMA makes BUSREQ signal to “1” level at the rising edge of 
the clock immediately before end of each data transfer cycle (the end of readout 
cycle in the search operation and the end of write cycle in the transfer and 
trasfer/search operation.) 

Although BUSREQ signal becomes “1” before the end of DMA cycle by one 
clock, MPU resumes the operation one clock after BUSREQ signal becomes “1” 
level and therefore, there will be no trouble. 

After the bus is released, next bus request is made at the leading edge of the 
clock immediately after both BUSREQ signal and BAI signal becomes “1” level. 
RDY signal being active is the conditions for this. 
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Figure 3.23 Bus Release Timing - Byte Mode 
(f) Busrelease at the end of block in the burst mode or continuous mode 


When it is programmed to stop DMA at the end of block in the burst mode or 
continuous mode, BUSREQ signal is set to “1” level at the rising edge of the clock 
at the end of last data transfer. This last data is transferred even when RDY 
signal becomes non-active. 
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Figure 3.24 Bus Release Timing - at End of Block 
(g) Bus release when coincidence is detected in the burst mode or continuous mode 


When DMA is set in the burst mode or continuous mode and programmed to 
stop its operation at byte coincidence, DMA stops to operated when the byte 
coincidence is detected. 

Since DMA operation is pipelined and the advance reading is performed, a 
check to determine if the n th data coincides with the coincidenced byte is carried 
out at the same time when then + 1 st datais transferred. Therefore, data of N+1 
byte is transferred and BUSREQ signal is set to “1” level at the leading edge of the 
clock when this transfer ended. 
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Figure 3.25 Bus Release Timing on Match - Byte Mode, Continuous Mode 
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(h) Bus release when RDY signal is non-active 


If RDY signal becomes non-active in the burst mode, BUSREQ signal is set to 
“1” level at the rising edge of next clock after end of the byte operation that is 
under execution at the time. For instance, this is done when the read of the search 
only or simultaneous transfer/search operation ended or when the write of the 
trasfer/search operation ended. Therefore, the action for BUSREQ signal is 
slightly behind the action for RDY signal. 

DMA always does not release the bus until the byte action at the time is 
completed. 

In contrast with this, in the continuous mode BUSREQ signal is kept at “0” 
level even when RDY signal becomes non-active. 

In addition, after the byte action at the time ended DMA is put in the idle state 
until RDY signal becomes active again. 





This figure is shown in Figure 3.26. 
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Figure 3.26 Bus Release Timing when RDY Signal becomes Non-active 


Timing of RDY signal with other signals are shown in Figure 3.27, 3.28 and 
3.29. In these figures the memory search only operation by the Z80 standard 
timing by mode is assumed. In each of the operation modes, RDY signal is sampled 
at the rising edge of the last clock of the read or write cycle to determine its level. 

RDY signal can become non-active before completion of the last byte operation 
withour affecting its operation. In the byte or burst mode, BUSREQ signal and 
BAI signal are set to “1” at the end of byte operation of RDY signal. In the byte or 
burst mode, the bus control signals (MREQ, IORQ, RD, WR) are also kept at “1” 
level as long as RDY signal is non-active. Further, the address bus and data bus 
are kept in 3 state. 

The continuous mode differs from other modes in that the address bus holds an 
address which is incremented in advance against next byte during the period when 
RDY signal is non-active. This address can be used immediately after RDY signal 
becomes ative again. 
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Figure 3.28 Timings of RDY Signal with Other Signals (Burst Mode) 
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Figure 3.29 Timings of RDY Signal with Other Signals (Continuous mode) 
Variable cycle 


When programmed, DMA is capable of changing read and write cycle lengths. 
Source and destination can be programmed independently by the write register 
WRI (designation of Port A) and WR2 (designation of Port B). This variable cycle 
function allows the read or write in 2, 3 or 4 clock cycles (more clock cycles if Tw is 
inserted) and further, can increase or decrease pulse widths of all signals 
generated by DMA. Four signals relative to the data transfer; MREQ, IORQ, RD 
and WR signals have the function to end the rising edge timing earlier by 1/2 clock 
independently. 

Differing from the standard timing, in the variable cycle mode JORQ signal 
becomes active earlier than MREQ, RD and WR signals by 1/2 clock. Further, 
CE/WAIT signal can be used in the extension of 3 or 4 clock cycle variable memory 
cycle and 4 clock cycle variable I/O cycle only. In the 3 or 4 clock cycle memory 
operation, CE/WAIT signal is sampled at the T2 falling edge while it is sampled at 
the T3 falling edge in the 4 clock cycle I/O operation. In the 2 clock cycle operation 
it is not sampled. Use of this variable cycle effective in increasing data transfer 
rate and reducing software burden and further, can eliminate an external logic 
circuit. In addition, this function provides more faster memory read/write speed 
than normal speed. 
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Figure 3.30 Variable Cycle 
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Figure 3.31 WAIT Sample in Variable Timing 
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(j) Interrupt 


The timing for the interrupt acknowledge or return from interrupt is identical 
to that of other Z80 peripheral LSI’s. INT signal is sampled by MPU at the rising 
edge of the last clock of all commands. If the interrupt enable is not set by the 
internal MPU software or when BUSREQ signal is active, this INT signal is not 
accepted. When INT signal is accepted, IORQ signal also becomes active at the 
same time (normally, MREQ signal) in the period of its M1 cycle, indicating that 
the interrupting LSI can load its 8-bit vector on the data bus. At the same time, 
two wait status are automatically inserted into this cycle. This is to facilitate 
execution of the priority interrupt mechanism and the wait status of 2T gives a 
stabilizing time to IE1 and IEO signals and thus, it becomes possible to identify 





which peripheral LIS will react. 
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Figure 3.32 Interrupt Acknowledge 
Interrupt on RDY signal (interrupt before the bus request) does not directly 


affect BUSREQ signal. The process in this case is carried out by giving following 
commands to the write register WR6 in the interrupt service routine. 


Enable after interrupt return (B7H) 
DMA enable (87H) 3 
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e Execution of REI instruction to reset [US latch during the interrupt service in the 
Z80 DMA (ED4DH) 


(k) Pulse generation 


In the pulse generation, INT signal is set to “0” level (pulses are generated on 
the INT line) every 256 bytes after offset value is loaded to the write register WR4 
by the program. 

INT signal is put to “0” level during the DMA cycle in which pulse control bytes 
coincide with low order bytes of the byte counter and kept at “0” level in the full 
period of transfer cycle. Here, the transfer cycle means the read cycle (the search 
only or simultaneous transfer operation) or read/write cycle and lengths of the read 
and write cycles can be set independently by variable cycle. 
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Figure 3.33 (a) Pulse Output (Standard timing at the time of transfer) 
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Figure 3.33 (b) Pulse Output (Standard timing at the time of memory search) 
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(1) Precautions 





@ Transfer timing 


Although the DMA transfer timing is basically identical to the read/write 
timing of the Z80 MPU, care is required when variable cycle is used or in case of 
simultaneous transfer. 

In the case of simultaneous transfer, all addresses which are output by DMA are 
interpreted to be memory addresses and I/O are selected by the hardware using an 
external logic circuit. It is normally programmed that I/O addresses are fixed and 





memory addresses are updated during the DMA operation. At this time, DMA 
controls memory addresses and outputs I/O select signal using an external logic 


circuit. 





@ Memory refresh 


Since DMA has no refresh signal output function, the refresh of a dynamic RAM 
is performed normally using RFSH signal of MPU. Ifthe transfer period becomes 
long in the DMA operation using the burst mode or continuous mode, another 
refresh method must be used. 


@ Pulse generation 


When the pulse generating function is used for transfer in the byte mode, pulse 
output is generated in two times. This is to avoid BAI signal from becoming non- 
active and MPU from being put in HALT state. Further, when offset value and low 
order 8 bits of the block length are equal other, pulse is once generated and after 
DMA operation is completed, pulse is generated during the read cycle of the 1st 
byte when the DMA operation is performed again without changing the offset 
value. 


TRANSFER CYCLE 


TRANSFER CYCLE 
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Figure 3.34 Pulse Generation Timing (Byte mode) 
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3.4 PERIPHERAL COMMANDS 


To operate DMA, specify its operations by writing into the control register group 
through programming. In addition, the status of DMA can be known by reading the 

contents of the status register group. 

To give effect to this on a program, write the operation into the write register by OTIR 
or OUT command to MPU and read out by INIR or IN command. In both cases, output of 
the I/O address decoder to DMA becomes “0” level. This output is connected to the 
CE/WAIT pin. 

The configurations of the control register group and status register group are as follows: 


(1) Control register group (2) Status register group 
@D Write register WRO @D Readout register RRO 
@Q Write register WR1 2 Readout register RR1 
@ Write register WR2 3) Readout register RR2 
® Write register WR3 ® Readout register RR3 
@® Write register WR4 © Readout register RR4 
© Write register WR5 ©®© Readout register RR5 
@ Write register WR6 @® Readout register RR6E 


3.4.1 Control register group 


The control registers consist of 7 groups of WRO to WR6, each of which consists of a 
basic register and related registers. If the pointer bit of the basic redister is “1”, related 
redisters are accessed by turns. 

The basic registers WRO to WR6 are identified by the combination of bits 0, 1, 2,6 and 
7. There may be pointer bits for related registers. BBH (followed by the readout mask) 
command of WR6 has no pointer bit but data that follows this command is limited to the 
readout mask. 


(1) Write register WRO 


WR0O is identified by the condition that Bit 7 of the basic register is “0” and Bit 1, 0 are 
other than both “0”. 
WRO has 4 pointer bits, each of which has related registers, respectively. 


(a) Basic register bit 0, 1 (Designation of operating class) 


Bit 0 and 1 designate the operating class; transfer, search only, and 
transfer/search operations. In addition, simultaneous transfer or transfer/search 
is obtained by selecting search and generating a proper bus control signal for 
complete transfer through external hardware. 
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D7 Do D5 D4 D3 D2 Di DO 


Basic register oa ee 


=~ = © © 
-O- oO 


Data transfer mode 
Don’t use 
Transfer 
Search 
Transfer/search 
Data transfer direction 
PortB — PortA 
Port A— Port B 


Related register #0 caus ios os CERO (lowereraeie) 
Related register#1 a eto (igh order 8 bits) 
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(c) 


(d) 


(e) 
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Figure 3.35 Write Register WRO 
Basic register bit 2 (Designation of data transfer direction) 


Bit 2 declears the source port, and by implication, the destination port, if the 
operation is a sequential transfer. In the search only operation, the source port 
only is designated and in the simultaneous transfer or transfer/search operation, 
the destination port is decided by external wiring. 


Basic register bit 3-6 (Pointer bits) 


Bit 3-6 are the pointer bits which are used to designate four related registers 
following respective bits. 


Related register #0, #1 (Port Astart address) 


These registers are accessed by Bit 3 and 4 of the basic register byte. When Port 
A is used as a source or destination, it is necessary to write the start address. Low 
order byts are written into #0 and high order bytes in #1. 


Related register #2, #3 (Block length) 


These registers are designated by Bit 5 and 6 of the basic register. 
Max. 64K bytes can be designated by writting low order bytes of block length into 
#2 and high order bytes into #3. However, as data read is pipe line type, number 
of bytes actually searched or transferred is more than that entered here by 1 or 2. 
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16 
In addition, if “zero” is set for these registers, the transfer or search of 2 +1 bytes 
is carried out. 


(2) Write register WR1 
WR_1 is identified by the condition that all of Bits 0, 1 and 7 of the basic register are 
“Q” and Bit 2 is “1”. 
(a) Basic register bit 3 (Port A designation) 


A memory is designated by Port A when “0” is written for Bit 3, while I/O is 
designated when “1” is written. This designation makes the control signal (MREQ 
or IORQ) active against the cycle including this port. 


D7 D6 D5 D4 _ D3 DO 


D2 D1 
seca 2.21 A SRE OE HB 


Designation of PortA 
0 PortA-Memory 


1 PortA-1/O 
Port A address update 
0 Decrement 
1 Increment 


— = © © 


: Address fix 


Related register#0 a are a ae ae Port A variable nine byte 


Cycle Length 
0 4 clock 
1 3 clock 
0 2 clock 
1 Don’t use 


—- -O0 


RR MREQ IORQ. Early end 
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Figure 3.36 Write Register WR1 
(b) Basic register Bit 4, 5 (Fixed or variable address designation) 


Fixed or variable Port A address is designated by Bit 4 and Bit 5 for each 
transfer or search byte. 


(c) Basic register Bit 6 (Pointer bit) 


When Bit 6 is set to “1”. next related register is accessed. In addition, when Bit 
6 is set to “0”, DMA’s variable cycle is not used. 


(d) Related register #0 (Port A variable timing byte) 
By setting values for this register, Port A cycle length and control signal timing 


can be designated. 
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e Bit 0, 1 (Cycle length) 
| 





Length of data transfer cycle (memory read/write, I/O read/write) relative to 
Port A is designated. Timing can be changed in a range of 2 - 4 clocks. 


® Bit 2, 3, 6, 7 (Early end) 


The timing of the control signal IORQ, MREQ, RD and WR can be advanced by 
1/2 clock. | 





(3) Write register WR2 





WR2 is identified by the condition that all of Bits 0, 1, 2 and 7 of the basic register are 
as @ et 


(a) Basic register bit 3 (Port B designation) 





A memory is designated by Port B when “0” is written for Bit 3, while I/O is 
designated when “1” is written. This designation makes the control signal (MREQ 
or [ORQ) active against the cycle including this port. 


D7 D5 D4 D3 D2 Di DO 


sscraer COT TTT [opepo 


Designation of Port B 
0 Port B - Memory 
1 Port B - I/O 


Port B address update 
0 Decrement 
4 Increment 


—_/LAddress fix 


Related register #0 fed Hee sore ie eg Port B variable timing byte 


— 4 © © 





Cycle length 
0 0 A clock 
0 1 3 clock 
1 0 2 clock 
1 1 Don’t use 


R RD MREQ 10RQ_ Earlyend 
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Figure 3.37 Write Register WR2 


(6) Basic register Bit 4, 5 (Fixed or variable address designation) 


Fixed or variable Port B address is designated by Bit 4 and Bit 5 for each 
transfer or search byte. 
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(4) 


(c) 


(d) 


Basic register Bit 6 (Pointer bit) 


When Bit 6 is set to “1”, next related register is accessed. In addtion, when Bit 6 
is set to “O”, DMA’s variable cycle is not used. 


Related register #0 (Port B variable timing byte) 


By setting values for this register, Port B cycle length and control signal timing 
can be designated. 


Bit 0, 1 (Cycle length) 


Length of data transfer cycle (memory read/write, I/O read/write) relative to 
Port B is designated. Timing can be changed in a range of 2 - 4 clocks. 


Bit 2, 3,6, 7 (Early end) 


The timing of the control signal IORQ, MREQ, RD and WR can be advanced by 
1/2 clock. 





Write register WR3 


WR3 is identified by the condition that both Bit 0 and Bit 1 of the basic register are 


“0” and Bit 7is “1”. 


(a) 


(b) 


(c) 


(d) 


(e) 


Basic register Bit 2 (Stop on match) 


This bit is used for the search or transfer/search operation. When this bit is “1” 
and transferred data matches the match byte, the data transfer is stopped and the 
bus is released. When this bit is “0” and transferred data matches the match byte 
(if DMA is not stopped even when they matched), the status flag is set on the status 
byte to allow interrupt resulting from byte match. 


Basic register Bit 3 (Pointer bit) 
When this bit is set at “1”, the mask byte follows the basic register. 
Basic register Bit 4 (Pointer bit) | 


When this bit is set at “1”, a match byte follows the basic register. 
This bit designates a match byte used for comparison with all data to be searched. 


Basic register Bit 5 (Interrupt enabled) 
When this bit is set at “1”, DMA interrupt is enabled. 
Basic register Bit 6 (DMA enable) 


When this bit is set at “1”, DMA operation is enabled and a bus request can be 
made to MPU. 


MPUZ80-136 








TOSHIBA TMPZ84C10A 


(f) Related register #0 (Mask byte) 


This register is accesed by basic register Bit 3. It is possible to write a mask 
byte required for the search operation, The mask byte is capable of masking the 
match byte (data to be compared) during the search operation to extract bits to be 
compared. 

When all bits of the mask byte are at “0”, the comparison is made and when they 
are at “1”, the masking is made. In addition, if no masking is required and all bits 
are compared, write 0OH mask byte. 


(g) Related register #1 (match byte) 


This register is accessed by basic register Bit 4. The match byte is used as data 
to be compared when the data transfer mode is search or transfer/search. The 
match byte is masked by the mask byte of related register #0. 





D7 De D5 D4 D3 D2 D1 DO 


Basic register 






DMA Enable :1 1: Stop on match 


Interrupt enable :1 


wemimasebyte) |_| TTT —|_—«_] ©: Comparison 
Related register #1 
(matchbyte) [| | | [| | J JT | - 


Figure 3.38 Write Register WR3 


(5) Write register WR4 


WR4 is identified by the condition that both Bit 0 and Bit 7 of the basic register are 
“1” and Bit 1 is “0”. 


(a) Basic register Bit 2 - 4 (Pointer bit) 


When these bits are set at “1”, the related registers #0 to #2 are accessed after 
the basic register. 


(b) Basic register Bit 5, 6 (Operation mode designation) 


Operation mode selected values can be set for Bit 5 and Bit 6. For values to be 
set, refer to Figure 3.39. 
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(c) 


(dq) 


(e) 


Related register #0, #1 (Port B start address) 


These registers are accessed by basic register Bit 2 and Bit 3. Related register 
#0 designates low order byte of Port B start address while related register #1 
designated high order byte of Port B. Further, if low order 8 bits are sufficient for 
Port B start address, thr loading to related register #1 is not required. 


Related regiser #2 (Interrupt control byte) 


This register control DMA interrupt or pulse generation. By setting Bit 3 and 
Bit 4, related registers #3 and #4 can be accessed. 


Bit 0 Interrupt on match) 


When Bit 0 is set at “1”, DMA generates interrupt if transferred data matches 
the match byte in the search or transfer/search operation. 


Bit 1 Interrupt on end of block) 


When Bit 1 is set at “1”, DMA generates interrupt if a value of the byte counter 
becomes “0” in DMA operation. 


Bit 2 (Pulse generation) 


When Bit 2 is set at “1”, pulse is generated on the INT line whenever data in 
number of bytes set on the pulse control byte is transferred. 


Bit 3, 4 (Pointer bits) 


When Bit 3 is set at “1”, pulse control byte is accessed after interrupt control 
byte. When Bit 4 is set at “1”, the interrupt vector is accessed. 


Bit 5 (Vector value change by status) 


When this bit is set at “1”, interrupt vector value changes according to cause for 
generating interrupt. However, if the automatic restart or interrupt at the end of 
block was already set, this mode cannot be used. 


Bit 6 Interrupt on RDY) 


When this bit is set at “1”, DMA generates interrupt prior to the bus request if it 
detects that RDY signal has become active. Therefore, the interrupt enable 
command becomes necessary and when RETI instruction is executed after the 
interrupt enable of WR6 (B7H) is sent out, the bus request is started. 


Related register #3 (Pulse control byte) 


When Bit 3 of the interrupt control byte is set at “1”, the pulse control byte is 
accessed after the interrupt control byte. The pulse control byte gives offset values 
to pulse that are first generated (Number of bytes shown by this control byte). 
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The pulse control byte compares low order 8 bits of the byte counter and if both 





coincide each other, pulses are output on the INT line. 


D7 D6 D5 D4 D3 D2 D1 DO 











Basic register 


Designaion of data trasfer 
mode 
Byte mode 
Continuous mode 
Burst mode 
Don’t use 





Port B Start address 


Related register #0 
(Low order 8 bits) 





Port B Start address 


Related register #1 
(High order 8 bits) 


Related register #2 Interrupt control byte 


Interrupt on RDY :1 1: Interrupt on match 


1: Interrupt on end of block 





Status affects vector :1 
1: Pulse generation 


Related register #3 Pulse control byte 


Related register #4 Sunaina as ie Interrupt vector 


Interrupt on RDY 

Interrupt on match 

Interrupt on end of block 
Interrupt on match and end of 
block 


—_ = © © 
-O- © 
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Figure 3.39 Write Register WR4 


(f) Related register #4 (Interrupt vector) 


When Bit 4 of the interrupt control byte is set at “1”, the interrupt vector is 
accessed after the interrupt control byte. The interrupt vector is loaded on the data 
bus at time of the interrupt acknowledge by MPU (IORQ=“0”, M1=“0”). If Bit 5 


of the interrupt control byte is set at “1”, Bit 1 and Bit 2 of the interrupt vector 





change according to the interrupt factor. However, when the automatic restart 
and interrupt on the end of block has been already programmed, the interrupt 
vector sent out at the end of block does not change and therefore, the mode for 
vector value change by status cannot be used. 
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(6) 


(7) 


Write register WR5 


WR5 is identified by the condition that Bit 1 and 7 of the basic register are “1” and Bit 
0,2 and 6 are “O”. WR5 has no related register. 


e Bit 3 (Effective polarity of RDY signal) 


When this bit is set at “0”, RDY signal becomes “0” and active, and when it is set 
at “1”, RDY signal becomes “1” and active. 


e = Bit 4 (Use of CE/WAIT pin) 


When this bit is set at “0”, CE function only is available. When it is set at “1”, 
both CE and WAIT functions become available. When BUSREQ signal is at “1”, 
CE function is available, while if BUSREQ signal is at “0” level, WAIT function is 
available. 


® Bit 5 (Automatic register) 


When this bit is set at “0” level, DMA operation is stopped at time of the end of 
block (Byte counter =“Zero”). When it is at “1” level, the contents of the address 
register and byte counter are automatically loaded on the address counter and byte 
counter, and DMA operation is continued. 


D7 D6 D5 D4 D3 D2 D1 DO 


Basic register 







Effective polarity of RDY signal 


0 Active at “0” level 
1 Active at "1" level 


Use of CEAWAIT. 


0 Uses only as CE function 
1 Multiplex CEAWAIT 


Designation of automatic restart 


0 Ends at time of the end of clock 


1 Automatic restart 
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Figure 3.40 Write Register WR5 .- 
Write register WR6 


WR6 is identified by the condition that Bit 0, 1 and 7 of the basic register are at “1” 
level. In the case of WR6, the functions (commands) are divided by the combination of 
Bits 2 to 6. 


(a) Reset (C3H) 


This command is used to reset DMA. By executing this command, DMA 
performs the followings; | 
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(b) 


(c) 


(d) 


(e) 


Disables the interrupt control circuit and bus request control circuit. 
Releases the interrupt latch. 

Releases the forced RDY condition. 

Releases the automatic restart condition. 

Releases CE/WAIT function (Bit 4 WR5) and retains CE fonction snl, 
Returns the timings of both Port A and B to the Z80 standard timing. 


After turning power to DMA ON, and performing the programming, it is 
necessary to execute the reset command once. In addition, if the DMA operation is 
interrupted during its execution, it is necessry to execute the reset command 6 
times successively (this is because there are 5 related registers that are capable of 
directing in WR4). 

Further, DMA is not always reset completely by this reset command. The read 
sequence is reset only by the read sequence reset command. 


Port A timing reset (C7H) 


This command resets Port A variable timing byte and returns Port A timing to 
the Z80 standard timing. 


Port B timing reset (CBH) 


This command resets Port B variable timing byte and returns Port B timing to 
the Z80 standard timing. 


Load (CFH) 


When this command is executed, the content of the address register is loaded on 
the address counter and the byte counter is cleared. In addition, the internal 
forced RDY condition is also released. 

Further, an address counter to which the loading can be made immediately is 
the source port address counter only. The loading to the destination port address 
counter is made when a value of this counter is initially updated 
(incremented/decremented) but if “address if fixed”, the loading is not performed. 
However, the loading by the “fixed address destination port programming” 
technique is possible. If DMA becomes non-active when the load command is 
written, another DMA control byte is written before the load command. 


Continue (D3H) 


6e 


Although this command clears the byte counter to “zero”, both port address 
counters do not change. This command is used in transferring several data blocks 
to continued positions in the many buffer if it is desirable to know a break of every 
block, and continues DMA operation which has been interrupted by detection of 


match at the end of block or search. 
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In order to execute this command, interrupt at the end of each blocks is needed and 
new block length shall be entered in WRO with the continue command. 

In transferring data blocks, interrupt becomes necessary whenever transfer of 
each data block ended. In trasferring next data block after the eran this 
continuity command is used inserted of the load command. 


D7 D6 D5 D4 D3 D2 D1 DO 


Basic regisater 






Hexadecimal command name 


C3 Reset 

C7 PortA timing reset 

CB PortB timing reset 

CF Load 

D3 Continue 

AF Interrupt disable 

AB Interrupt enable 

Reset and disable interrupt 
B7 Enable after RETI 

BF Read status byte 

8B Status byte initialize 
A7 Read sequence initiate 
B3 Forced RDY 

87. DMA enable 

83 DMAdisable 

BB Continue readout mask 


iS a a ee, Da | 


SDODDDCODCOO 2 oo 

BAOO2= 2032232321 0D0000 

BADO3=00=2000=0000 

6oocosascoooacoa306 

wom Cor eat Et of et Eo wel To 
a 


Status byte 


Byte counter 

(low order 8 bits) 

Byte counter 

(high order 8 bits) 
Port A address counter 
(low order 8 bits) 
Port A address counter 
(high order 8 bits) 

Port B address counter 
(low order 8 bits) 

Port B address counter 
(high order 8 bits) 
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Figure 3.41 Write Register WR6 
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(f) 


(h) 


Interrupts disable (AFH) 


This command is used to simulate the Z80 MPU’s interrupt acknowledge when 
DMA is operated in a system other than the Z80 MPU. When DMA sends the 
interrupt signal into any MPU other than the Z80 MPU, if the inerrupt disable 
command is written into the beginning of the service routine, INT signal returns to 
“1” level but next interrupt signal of DMA cannot be sent during the service 
routine is continuously carried out. Generation of next interrupt signal becomes 
possible when the interrupt enable command is written into the end of the service 
routine. 


Interrupts enable (ABH) 


This is a command used on the Z80 system to enable the interrupt when the 
power source is ON. This command enables the interrupt control circuit of DMA. 
When the interrupt disable command is not used, if the interrupt enable command 
is once written, next interrupt is enabled automatically when RETI instruction is 
executed at the final stage of the interrupt service routine. However, if the 
interrupt disable command is used, it becomes necessary to write the interrupt 
enable command at the final stage of the interrupt service routine. 


Reset and interrupt disable (A3H) 


This command is used on such systems as 8080 and 8085 to interface DMA and 
MPU which is provided with the interrupt acknowledge function but has no RETI 
instruction. This command, when executed, performs the followings: 


Reset of the in-interrupt service routine (IUS) latch 

Reset of the interrupt pending (IP) latch 

Release of the internal forced RDY signal conditions 

Succeesing interrupt disable by DMA (same as the interrupt disable command) 
Enable after RETI (B7H) 


This command is used only when “interrupt on RDY signal” is programmed on 
WR4. DMA, when detecting that RDY signal becomes active, does not make the 
bus request but grenerates the interrupt signal. After the interrupt return, this 
command enables DMA to make the bus request again. This command is always 
used to make the bus request after the interrupt to RDY signal on the Z80 MPU 
system. This command also can be used on other MPU’s, for instance, 8080. 

The interrupt latch (IOR) to RDY signal is set during its interrupt cycle. This 
latch makes RDY signal active and DMA is not allowed to make the bus request 
until this latch is reset by Enable after RETI instruction. 
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(j) 


(k) 


(1) 


(m) 


(n) 


The execution sequence of the Z80 MPU service routine is as follows and the bus 
request is mode after RETI instruction is executed: 


Enable after RETI 
DMA Enable 


RETI Instruction 

Read status byte (BFH) 

This command indicates that next read command is the status byte access. 
Status byte initialization (8BH) 


This command indicates the reinitialization of bit 4 and 5 of the status byte. 
The reinitialization of the interrupt pending status (Bit 3) of the status byte can be 
effected by the interrupt acknowledge, interrupt process, interrupt reset and 
disable command writing. The reinitialization of DMA operation status (Bit 0) can 
be efected by the load command. 


Read mask continue (BBH) 


This command denotes that next control byte which is to be written into DMA 
follows the read mask register. The read mask register is used for setting a new 
read sequence of RRO to RR6 and is normally a part of the initial state setting 
when the power source for DMA is turned ON. 

_ The read mask can be programmed by setting the related pointer bit of register 
to be read out “1” level. The read sequence start command is used for 
initialization. 

Read sequence initiate (A7H) 


This command is used to initiate the read sequence pointer command as a 
measures to access the first (in low order) read register that is designated to be 
readable by the read mask for initialization of DMA by next MPU read command. 
Normally, this command is output to reset the read sequence immediately after 
loading of the read mask. 


Forced RDY (B3H) 


In the burst mode or continuous mode, this command is used to make the 
internal RDY conditions active for the active RDY signal by an external logic 
circuit. This command is used for memory-to-memory transfer or memory search 
where RDY signals not required. It is not necessary to consider the effective 
polarity of RDY signal. Use of this command can eliminate an external logic 
circuit. 

The forced RDY conditions are released by the following commands/conditions: 
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Reset command 

Load command 

Interrurpt reset and disable command 
Ending by end-of-block 

Ending by byte match 

Bus release by DMA 


(0) DMA enable (87H) 


This command is used to enable the bus control circuit of DMA. The interrupt 
circuit is not affected nor the function and latch are reset. This bus request enable 
function is identical to that of Bit 6 of WR3. In the interrupt service routine, DMA 
enable command is the last command to DMA before MPU executes RETI 
instruction. 





(p) DMA disable (83H) 


This command inhibits the bus request by DMA. This command is used to stop 
DMA operation by external events, end-of-block or match by bytes and when 
reinitialization of the status byte is required. 


3.4.2 Status register group 


There are 7 read registers RRO to RR6 available for DMA to know the operation 
execution or end status. | 

The readout of MPU is made according to the method to access DMA as the peripheral 
I/O using I/O command. Commands to be written into DMA are as follows: 


@ Read status byte (BFH) 

@ Read sequence initiate (A7H) 
@ Status byte reinitialize (8BH) 
@ Read mask continue (BBH) 


The above commands are those which are shown for WR6. 
(1) Read register PRO - Status byte 
(a) Bit 0 (DMA operation) 


This bit indicates if DMA made the bus request after the last LOAD command. 
“1” indicates that DMA made the bus request while “0” indicates no bus request 
made. 


(b) Bit 1(RDY signal active) 


“Q” of this bit indicates that RDY signal is active. “1” indicates RDY signal 
being non-active. 


(c) Bit 2 (Don't Care) 
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(2) 


(d) Bit 3 (Interrupt pending) 


This bit indicates the interrupt pending (IP) latch status. “0” indicates the 
interrupt pending. 


(e) Bit 4 (Match detection) 


When this bit is “0”, it indicates the match after the last status byte reset or 
reintialization command. 


(f) Bit 5 (End-of-block detection) 


When this bit is “0”, it indicates the end-of-block reached after the last status 
byte reset, load, continuity or reinitialization. 


(g) Bit6, 7 (Don't Care) 
Read register RR1, RR2 - Byte counter 


The 16-bit counter consisting of two register RR1 or RR2 are cleared to zero by the 
load, continuity or resest command. 


D7 De D5 D4 D3 D2 D1 DO 









(,.: Don't care) 
1: DMA operation is made. 


0: RDY signal active 
0: Interrupt pending 

0: Match detection 

0: End-of-block 


Byte counter 

ret [| oT oT TT  ] owerder sits 
Byte counter 

rea {| Tt TTL igh order bits) 

(low order 8 bits) 

, (high order 8 bits) 

(low order 8 bits) 

(high order 8 bit) 
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Figure 3.42 Read Register 
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When DMA starts the transfer or search, the byte counter is incremented by one at 
the end of each read cycle and judges the end-of-block by comparing with the program 
content of the block length register (WRO), when match is detected, DMA operation is 
stopped. If the pulse generation is used at this time, the content of the WR4 pulse 





control byte is, after transferred, compared with low order 4 byte (RR1) of the byte 
| 
counter. ! 
| 


(3) Read register RR3, RR4- Port A address counter 


Write into the 16-bit counter consisting of two read registers RR3 and RR4 is made 
from WRO port A start address register by the load command. Whenever one byte of 
DMA operation is carried out according to the designated content of WRO, this counter is 
updated (incremented or decremented) by one. 





(4) Read register RR5, RR6 - Port B address counter 


| 
| 
| 
\ 


The 16-bit counter consisting of two read registers RR5 and RR6 indicates Port B 
address when DMA operation ended. Values in the port B address register (WR4) are 
loaded into this counter by the load command and the counter is updated by one every 
time when DMA operation is carried out by one byte. However, if address fix (Bit 4 and 
5 of WR2) is programmed, the counter does not change. If port A or Port B is a fixed 
address destination port, in order to properly function the port it is necessary to program 
as described for the fixed address destination port. 


3.4.3 Address counter and byte counter values when DMA operation ended. 


Values of these counters when DMA operation ended are shown in Table 3.4 (a) and 
Table 3.4 (b). 


Table 3.4(a) Values of Those Counters when DMA Operation Ended 


Data Value of Number of Address Address counter 
Data Value of ee 
f ‘ transfer block length | byte to be b counter value | value of destinaion 
eile et ns a vrae yes COURSE ent source port | port 
| Byte | fe hea | Ast (N+ 1) As (N) 





a eB Ea 
as 


As: Start address *: The values when N +1 byte data is trasferred and RDY signal is active using 2- 
cycle valiable timing. 
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Table 3.4 (b) Values of Those Counters when DMA Operation Ended 


Data 
transfer 


Data 
format made 


Continuity 


Search 
Continuity 


As:Startaddress *: 


3.4.4 List of command (1/3) 


Basic register 


Related register #0 
Related register #1 
Related register #2 


Related register #3 


Basic register 


Related register #0 


Byte no. to be 
detected 





The values when match is detected and RDY signal is active. 


Number of Address Address counter 


byte to be counter value | value of 
transferre of source port | destination port 


Value of 
A byte counter 
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D7 D6 D5 D4 D3 D2 D1 DO 
Data transfer mode 
Don't use 
Transfer 
Search 
Transfer/search 
Data transfer direction 
PortB > PortA 
Port A—> PortB 
Port A Start address 
(Low order 8 bits) 
Port A Start address 
(high order 8 bits) 
Block length 
(low order 8 bits) 
Poe ea Dee Le ee 
(High order 8 bits) 100489 
Figure 3.35 Write Register WRO 
D7 D6 D5 D4 D3 D2 D1 DO 
Designation of PortA 
0 PortA-Memory 
1 PortA- I/O 
Port A address update 
Decrement 
Increment 
i Address fix 
Pt fof oT fT | Port a variable timing byte 
Cycle length 
4 clock 
3 clock 
2 clock 
Don't use 
WR RD MREQ iORQ Early end 
100489 


Figure 3.36 Write Register WR1 
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List of command (2/3) 


D7 D6 D5 D4 D3 D2 D1 DO 


Basic register 










Designation of Port B 
Port B- Memory 
1 Port B-I/O 


Port B address update 
Decrement 
Increment 


0 
1 
; + Address fix 


Related register #0 Ei Beate he ee ae ee Port B variable timing byte 


Cycle length 
4 clock 

3 clock 

2 clock 
Don’t use 


--O0 


WR RD MREQ !ORQ_ Earlyend 
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Figure 3.37 Write Register WR2 


D7 D6 D5 D4 D3 D2 OD! DO 


Basic register 


DMA Enable :1 1: Stop by coincidence 


Interruption enable :1 


Relatedregister#o | [| | | | | | |_| 0: comparison 


(mask byte) 


pelstedtegiter#) [ote 


(match byte) 
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Figure 3.38 Write Register WR3 


D7 D6 D5 D4 D3 D2 =O! DO 











Basic register 


Designation of data transfer mode 


Byte mode 0 0 
Continuous mode 0 1 
Burst mode 1 0 

Don't use 1 1 


Port B Start address 
(Low order 8 bits) 


Port B Start address 
(High order 8 bits) 


Interruption control byte 


Interrupt on RDY :1 1: Interrupt on match 


Status affects vector :1 1: Interrupt on end of block 


1: Pulse generation 


Related register #3 ea aw ae Ee ee ee ee Pulse control byte 


Related register #4 a ee ee ee ee interrupt vector 


0 Interrupt on RDY 

0 Interrupt on match 

1 Interrupt on end of block 

1 Interrupt on match and end of 


lock 
BIOs 100489 


Figure 3.39 Write Register WR4 


-O- Oo 
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List of command (3/3) 


D7 D6 D5 D4 D3 D2 ODI DO 


Basic register 









Effective polarity of RDY signal 
Active at “0” level 
1 Activeat“1” level 


Use of CEWAIT 
0 Uses only as CE function 
1 Multiplex CEAWAIT 


Designation of automatic restart 
0 = Ends at time of the end of clock 
1 Automatic restart 
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Figure 3.40 Write Register WR5 
7 D6 D5 D4 D3 D2 D1 DO 
Basicregister | 1 | | | | {| [1] 7 | 
Hexadecimal command name 
1 0 0 0 0 C3 Reset 
1 0 0 0 1 C7 ~—- Port Atiming reset 
1 0 0 1 0 CB = Port Btiming reset 
1 0 0 1 1 CF Load 
1 0 1 0 0 D3 Continue 
0 1 0 1 1 AF _ Interrupt disable 
0 1 0 1 0 AB _ Interript enable 
0 1 0 0 0 A3 Reset and disable interrupts 
0 1 1 0 1 B7 Enable after RET] 
0 1 1 1 1 BF Read status byte 
0 0 0 1 0 8B = Status byte initialize 
0 1 0 0 1 A7 Read sequence initiate 
0 1 1 0 0 B3 Forced RDY condition 
0 0 0 0 1 87 DMAenable 
0 0 0 0 0 83 DMAdisable 
0 1 1 1 0 BB Continue readout mask 
Readout mask i ee eee ee a ee 
1 =Enable 
Status byte 
Byte counter 
(low order 8 bits) 
Byte counter 
(high order 8 bits) 
Port A address counter 
(low order 8 bits) 
Port A address counter 


(high order 8 bits) 


Port B address counter 
(low order 8 bits) 


Port B address counter 
(high order 8 bits) 100489 


Figure 3.41 Write Register WR6 


D7 D6 D5 D4 D3 D2 OD! DO 





(* - Don't care) 


(low order 8 bits) 
(high order 8 bits) 


(low order.8 bits) 


(high order 8 bits) 


{low order 8 bits) 
(high orde 8 bits) 


Figure 3.42 Read Register 
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3.5 METHOD OF USE 





(1) Example of interface 









RESET 


— 











MREQ MEMORY 





DATA BUS 


Es ee eRe ee ee eee Ae eee eee eee 


CONTROL BUS 


+5V 
+5V 


PAO~PA7 | 


ARDY 
ASTB 


| 
PBO~PB7 
BSTB | 


om) 
voncah Se 


BUSREQ 








BAI OF OTHER DMA [El OF OTHER PERIPHERAL LSI 
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Figure 3.43 Example of Z80 System Interface 
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(2) 


As the method of use of DMA using the Z80 family, a simple example of the Z80 
system interface is shown below. Figure 3.43 shows the connection employing the 
Z80MPU, Z80DMA, Z80PIO, and MEMORY. 

On the Z80 sistem, signal lines of MPU and peripheral devices are connected almost 
directly. In Figure 3.43, priority is in the order of DMA and PIO. This is because the 
connection is made according to the daisy chanin method which is peculiar to the Z80 
system. In the case of DMA, espescially, in order to operate as a bus controller, 


BUSACK signal, which is the output of MPU, is input to BAI of DMA by the bus request 


daisy chain. When several units of DMA are used, BAO is connect to BAI of DMA which 
has the next higher priority. Hardware can be easily connected as shown in Figure 3.43. 
In addtion, memory mapped I/O also can be connected to DMA. 


Program example 


As a program example of DMA operation, an example of transfer from I/O to 
memory using PIO is shown. 
. 280 
: Z80 DMA DATA TRANSFER 


1/0 TO MEMORY 
(PIO PORT B) 


0020 DPIOB EQU 20H ;DATA PIO CHANNEL B 


0021 DPIOB EQU  DPIOB+1 ;CONTROL PIO CHANNEL B 
0030 DMA EQU 30H ;DMA ADDRESS 
2000 DSTN EQU  2000H ; DESTINATION 
0100 LENGTH EQU 256 ;BLOCK LENGTH 
ORG 1000H 
1000’ F3 STRT: DI 
1001’ 3E 10 LD A,10H 
1003’ ED 47 LD I,A 
1005’ ED 5E IM 2 ; INTERRUPT MODE 2 


; PIO B INITIALIZATION 


1007’ 3E 4F LD  A,4FH ;MODE 1 
1009’ D3 21 OUT  (CPIOB),A 
100B’ 3E 07 LD  A,O7H 
100D’ D3 21 OUT  (CPIOB),A 
; DMA RESET 
100F’ 3E C3 LD A, 0C3H 
1011’ 06 06 LD —-B, 06H 
1013’ D3 30  DMRT: OUT (DMA),A 
1015’ 10 FC DJNZ DMRT 


; DMA INITIALIZATION 


1017’ 06 12 LD B,DMAFIN-DMACTA 
1019’ OE 30 LD C,DMA 

101B’ 21 104E’ LD HL ,DMACTA 

101E’ ED B3 OTIR 
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1020’ 
1021’ 


1022" 
1023’ 


1024’ 
1027’ 
1029’ 
102C’ 
102E’ 
1030’ 
1033’ 
1035’ 


1036’ 


1037’ 
1038’ 
1039’ 
103A’ 
103B’ 
103D’ 
103F’ 


1042’. 


1044’ 
1046’ 
1047’ 
1048’ 
1049’ 
104A’ 
104B’ 


104D’ 


104E’ 
104E’ 
104F’ 
1050’ 
1052’ 
1054’ 
1055’ 
1056’ 
1057’ 
1058’ 


FB 
C9 


76 


76 


CD 1037’ 
3E 8B 

32 0030 
06 04 

OE 30 

21 105C’ 
ED B3 

C9 


76 


DD E5 
FD E6 
CD 104D’ 
FD E1 
DD E1 


ED 4D 


C3 
7D 
2000 
OOFF 
14 
28 
AQ 
95 
20 


IOR: 
IOM: 


TOE: 


IME: 


SAV: 


. 
Y 


e 
? 


DMACTA 


Et 
RET 


INTERRUPT ON READY 
HALT 


INTERRUPT ON MATCH 
HALT 


INTERRUPT ON END OF BLOCK 
CALL SAV 
LD —A, 8BH 
LD (DMA),A 
LD — -B,DMAFIN-DMACTB 
LD C,DMA 
LD -HL,DMACTB 
OTIR 
RET 


INTERRUPT ON MATCH,END OF BLOCK 
HALT 


REGISTER SAVE 
EX (SP),HL 
PUSH DE 
PUSH BC 
PUSH AF 
PUSH IX 
PUSH IY 
CALL RUN 
POP IY 
POP IX 
POP AF 
POP BC 
POP DE 
POP HL 
EI 
RETI 


JP (HL) 


DMA COMMAND TABLE 

PORT A - MEMORY 

PORT B - PIO CHANNEL B 
EQU 
DEFB OC3H 
DEFB /7DH 
DEFW DSTN ; 
DEFW LNGTH-1 ; 
DEFB 14H 
DEFB 28H 
DEFB OQAOH 
DEFB 95H 
DEFB DPIOB ; 
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RESET COMMAND 
PORT A TO PORT B (TEMP) 
DESTINATION ADDRESS 

BLOCK LENGTH 

PORT A - "INCREMENT" ADDRESS 
PORT B - "FIXED" ADDRESS 
ENABLE INTERRUPT 

BYTE MODE TRANSFER 

PORT B ADDRESS (L) 
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1059” 32 DEFB 32H 8 IOE,STATUS AFFECTS VECTOR 
105A’ FF DEFB INTV~-STRT ;INTV INTERRUPT VECTOR 

105B’ 82 DEFB 82H ;WR5 RDY ACTIVE ‘LOW’,CE/ ONLY 
105C’ DMACTB EQU- $ 

105C’ CF DEFB OCFH ; WR6 LOAD ADDRESS TO PORT A 
105D’ 01 DEFB 01H ;WRO PORT B TO PORT A 

LOSE" <CE DEFB OCFH ; WR6 LOAD ADDRESS TO PORT B 
LOSE 67 | DEFB 87H ;WR6 ENABLE DMA 


1060’ DMAFIN EQU $§ 


’ 


ORG STRT+OFFH 


1OFF’ 1022’ INTV: DEFW IOR 

1101’ 1023’ DEFW IOM 

1103’ 1024’ DEFW IOE 

1105’ 1036’ DEFW IME 
END 
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4. ELECTRICAL CHARACTERISTICS 
4.1 ABSOLUTE MAXIMUM RATINGS 


[ho [Power iddpation TABS | 250 












Operating Temperature 





100489 


4.2 DC ELECTRICAL CHARACTERISTICS 
Ta = —40°C to 85°C, Voc =5V £10%, Vgg=0V 


IOL=2.0mA 
BUSREQ only 3.2mA 


<— 
Output Leak Current Vs5 + 0.4 S Vin S Vec 
Vcc =5V 
0 


foLk = (1) 
AP-6/AM-6 
Vince = Vin 


Power Supply Current /AT-6 1 
=Vcc-0.2V 


Vitc = VIL 
=0.2V 


Vcc =5V 
Standby Supply Current Vinc = Vin = Vcc-0.2V 0.5 10 
Vitc=Vi_L=0.2V 


Note 1 :fCLK=1/TcC (MIN.) 





100489 


MPUZ80-155 





TOSHIBA TMPZ84C10A 


4.3 ACELECTRICAL CHARACTERISTICS 
4.3.1 AC characteritics (I ) 
When operate as peripheral devices (inactive state) 


TA=-—40T to 85C , VCC=5V+10%, VSS=0V 


AP-6/AM-6/AT-6 
NO. SYMBOL PARAMETER (6MHz) UNIT 
Tee [eteckoietine —————*ds 


Clock rise time 
Th 













4 
= 
(a 


Tet me To [- [os 
TsC (Cr) TORQ, WR and CE signals set-up time for clock rise | 60 | 





7 
300 ns 


TdDO (RDf Delay from RD rise to data output 


TsWM (Cr) Data input set-up time for clock rise (write and 30 a 
M1 cycle) 
Delay from IORQ fall to data output 
1 f(D | 1 | 
0 | Tdcf (DO) (INTA cycle) bes 00 ns 


) 
11 | TsRD (Dz) Delay from RD rise to data bus float state 

12 |TsiEI(IORQ) _{IEI set-up time for IORO fall (INTA cycle) } 100 | — | ns 
13 | TdlEOr (IEIr) Delay from IEI rise to IEO rise | 

14 | TdIEOf(IEIf) © |Delay from IE! fall to IEO fall 


| Delay from M1 fall to IEO fall (When interrupt is 
M1 (I eo 1 
‘ TOMES) generated immediately before M1 cycle.) ae 


7 |TsM'1r (Cf) M1 signal set-up time for clock fall 
18 | TsRD (Cr) RD signal set-up time for clock rise (M1 cycle) 


19 |Tdl (NT) Delay from interruption generation to INT fall (at 450 ee 
inactive state) 





STN 
oO; Oo 
~ 
vn 


—_> 


1 


op) 
+ 
n 
< 
_— 
+ 
— 
2) 
= 
5 
ava 
= 
LQ 
=) 
= 
wr 
om 
mM 
Ac 
Ze) 
=. 
=| 
@m 
= 
2) 
=< 
Se 
Oo 
(@) 
x 
Ee 
wn 
@ 
SN 
oO 
=) 
nn 


> 


No 


0 |TdBAIr(BAOr) |Delay from BAI rise to BAO rise 


21 
22 


TsRDY (Cr) RDY signal set-up time for clock rise 
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4.3.2 AC charateristics (II ) (1/2) 
When operate as bus controller (active state) 


TA=-—40T to 85C , VCC =5V+10%, VSS=0V 


AP-6/AM-6/AT-6 
NO. SUMBOL PARAMETER (6MHz) 


High clock pulse width 


TwCl Low clock pulse width 6 


TrCc Clock rise time 


TfC Clock fall time 


TdA Delay of address output 
7 | TdC (Az) Delay from clock rise to address bus float state 





UNIT 







NO 
nn 


— 
NO 


wn 





3] ]8]8 
Oo 
n 


rn —” ~n Nn 


9 DC 
20 
20 


=) 
7) 


a 
= 

‘@) 
=> 


n 


wn 


TsA (MREQ) Address set-up time for MREQ fall (memory cycle) 35 


a) 


a 
an 


G 
nn rn 


Address set-up time for IORQ, RD, WR fall 
(1/O cycle) 


dRW (A) Address hold time from RD, WR rise 35 
11. |TdRW (Az) Address hold time from RD, WR rise 65 
(at float state) 
Tdcf (DO) Delay from clock fall to data output 


dcr (Dz) Delay from clock rise to data bus float state 
(write cycle) 
Data input set-up time up to clock rise 
14 |TsDI(C ict . 30 
sBren (read cycle in which RD ended at clock rise 
: 0 
25 


TsA (IRW) 110 


=) 
nn 





© 
: 


130 


— 


3 70 


F 


) 
Data input set-up time up to clock fall 
1 TsDI (Cf 4 
oe lee (read cycle in which RD ended at clock fall) 
16 |TsDO (Wem) Data output set-up time up to WR fall 
(memory cycle) 
17 |TsDO (Wf) Data output set-up time up to WR fall 55 
(I/O cycle) 
30 


20 | TdCr (Mf) Delay from clock rise to MREQ fall 


a 


Ss 


SN 


8 n 


2) 






—_— |; — 
to 
4 
=» 
=) 
7.) va) 


nn 


7 
7 


=) 
n 





70 
0 
0 


™S 
© 
e{afafelela}a fe] a fe 
7) 7) 7) 


5 
7) 
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AC characteristics (II) (2/2) 


AP-6/AM- 6/AT- 6 
SYMBOL PARAMETER (6MHz) 


Delay from clock rise to IORQ fal 
5 


TdCr (Iz) Delay from clock rise to IORQ, 
signal float state 


AC Test conditions 100489 


VIH =2.4V, VIL=0.4V, VIHC = VCC —0.6V, VILC=0.6V 
VOH=2.2V, VOL=0.8V, CL=100pF 








UNIT 





> 


5 


>) 
yn 


=) 
n 


> 
7) 


=) 
“n 


a) 
wn 


= 
yn 


=) 
wn 


=) 
“ 


~ 
"n 


> 
7) 


> 
72) 


=) 
m,) 





=) 








; 


oO us 
Oo 
<= 
~~ NI oO > 
oO oO uw x< 
(Ve) 172) LF) iV a) " iF o) 





44 CAPACITANCE 
TA =25°C 


SYNBOL ITEM TEST CONDITION Estat st os UNIT 


| cIN_| Input Capacitance eee except that to 


COUT Output Capacitance be measured should be 
















earthed. 
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4.5 TIMING DIAGRAM 


Numbers shown in the following figures correspond with those in the 4.3 A.C. 
Electrical Characteristics Table. 


(1) When operate as peripheral devices (inactive state) 


@ 








IEO 








ACTIVE 


apy NON-ACTIVE 
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(2) When operate as bus controller (active state) 


CL 


A 








100489 


MPUZ80-160 





TOSHIBA TMPZ84C10A 


5. EXTERNAL DIMENSION VIEW 
5.1 DIP PACKAGE 
































DIP40-P-600 
Unit : mm 
tn 
40 21 § 
oO 
N 
© 
+l 
< 
fae) 
1 20 
50.7+0.2 
| | Nm 
2 o 
tle 4 
nea eee 
Z +1 
= oe 
A ~ 
1.22TYP . 
P17 0.25) o 
2.54 
270289 
Note1: This dimension is measured at the center of bending point of leads. 


Note2: Each lead pitch is 2.54mm, and all the leads are located within +0.25mm from their 
theoretical positions with respect to No.1 and No.40 leads. 
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5.2 SOP PACKAGE 
SSOP40-P-450 


Unit: mm 








11.93+0.3 
(450mi 1) 


i 20 
irate i dsc lessee 1.15TYP 


| 17.5+0.2 P 


ees 
wz 
IAT 7 
; rT | 

So 


0.8+0.2 
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Note: Package Width and length do not include Mold Protrusions. 
Allowable Mold Protrusion is 0.15mm. 
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5.3 44-PIN PLCC PACKAGE 
QFJ44-P-S650 


17.52 +0.2 Unit: mm 





sa: 
© 
+! 
ba 
Oo 
_ 


752 20.2 
15..7 6 20.2 










4.32+0.2 





0.71+0.1 


15.76 + 0.2 
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PRECAUTIONS 


No special care is required in the Z80 system designing employing DMA but it is 


necessary to fully understand the basic timings and commands shown in 3. Operational 
Description. 


For the basic timings, please refer to the precautions in 3.3.2 (1). 


For the commands, care shall be taken to the programming as there are many registers 


and setup is considerably complictated. 


As the precaution for the programming, the “fixed address destinaion port 
programming” is briefly described. When Port A is assumed to be the “fixed address 
destination port”, address can be loaded in the following stepe: 


(1) 
(2) 
(3) 
(4) 
(5) 
(6) 


Write Port A address into WRO. 

Designate Port A as the source port. (Set up temporarily) 

Load Port A address on the address, counter. (Load command CFH) 
Write Port B start address into WR4. 

Convert Port A into the destination port. 


Load Port B start address on the address counter. (source port address) 
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TMPZ84C20AP-6 / TMPZ84C20AM-6 / TMPZ84C20AT-6 
TMPZ84C20AP-8 


TLCS-Z80 PIO : PARALLEL INPUT / OUTPUT CONTROLLER 





1. GENERAL DESCRIPTION AND FEATURES 


The TMPZ84C20A (hereinafter referred to as PIO) is CMOS version of Z80 PIO and 
has been designed to provide low power operation. 

The PIO is a general purpose parallel input/output port device with two 
programmable independent 8-bit ports, which provides a direct interface between the 





Z80 microprocessor (hereinafter referred to as MPU) and peripheral devices. 

This PIO provides excellent data transfer processing by the interrupt and allows the 
interrupt in Mode 2 of MPU. 

The TMPZ84C20A is fabricated using Toshiba’s CMOS Silicon Gate Technology. 

The principal functions and features of the TMP84C20A are as follows. 





(1) Compatible with the functions and pin connections of Zilog Z80 PIO. 


(2) Low power consumption 
3mA Typ. (@5V @6MHz) --- TMPZ84C20AP-6/AM-6/AT-6 
4mA Typ. (@5V @8MHz) --- TMPZ84C20AP-8 
10pA Max.(@5V, Stand-by) 


(3) Operationg temperature 
—40 °C to 85°C 6MHz VERSION 
—10 °C to 70°C 8MHz VERSION 


(4) DC to6MHz operation --- TMPZ84C20AP-6/AM-6/AT-6 
DC to 8MHz operation --- TMPZ84C20AP-8 


(5) 2 programmable independent 8-bit input/output ports with handshake functions. 





(6) 4 operation modes for each port: 
Mode 0 (Byte Output Mode) 
Mode 1 (Byte Input Mode) 
Mode 3 (Byte Input/Output Mode)........ Port A only 
Mode 4 (Bit Mode) 


(7) Built-in interrupt priority control circuit in daisy chain structure 
(8) Port B outputs capable of driving Darlington transistors 
(9) Allinput/output lines are TTL compatible. 

(10) Single 5V power supply. Single-phase clock 

(11) 40 pin DIP, SOP, 44pin PLCC Package. 

Note: Z80 is a trademark of Zilog Inc., U.S.A. 
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2. PIN CONNECTIONS AND PIN FUNCTIONS 
2.1 PIN CONNECTIONS (Top View) 
The pin connections of the TMPZ84C20A are as shown in Figure 2.1, Figure 2.2. 





D2 

D7 
D6 
CE 
C/D 36 0 IORQ 
B/A RD RD 
a TMPZ84C20AP-6 a 
Ab U8 /AM-6 BS 
AS B4 
AA TMPZ84C20AP-8 B3 
i TMPZ84C20AT-6 a, 
A3 BO 
A2 VCC 
he CLK 
AO 

ASTB 

BSTB 

ARDY 100489 
DO 
D1 21 1] BRDY 

100489 
Figure 2.1 DIP, SOP Pin Connection Figure 2.2 44-Pin PLCC Package 


2.2 PINNAMES AND FUNCTIONS 


I/O pin names and functions are as shown in Table 2.1. 


Table 2.1 Pin Names and Functions (1/3) 
Number | Input/Output 
DO~D7 I/O 8-bit bidirectional data bus. 
3-state Data transfer between MPU and PIO. 


Chip enable. 
_ Used for accessing MPU and PIO. 
CE 1 Input When MPU selects this PIO, this terminal becomes L level 
(Refer to 3.4 Basic timing.) 
Normally, this terminal is connected to the address decoder output. 
Control/data select. 
c/D 1 Input 




















Indicates if signal on the data bus is control signal or data. Selects 
data at L level and command at H level. Normally, connected to 
address bit A1 of MPU. 
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Table 2.1. Pin Names and Functions (2/3) 
é Number | Input/Output 
Port A/Port B select. 
B/A 1 Input Selects Port A at L level and Port B at H level. 
Normally, connected to address bit AO of MPU. 
AOQ~AT /O Port A bus. 
3-state Data transfer between Port A PIO and external device. 


Port A strobe input 
Handshake signal from the external device. 

Signal meaning differs depending upon operation mode. 
(Refer to 3.4 Basic timing.) 



















ASTB 1 Input 


- 
a 








Port B strobe input 

Handshake signal from the external device. 

Signal meaning is the same as ASTB but differs if Port A is in Mode 2. 
(Refer to 3.4 Basic timing.) 

Register A ready. 










Port A ready. 
Handshake signal to the external device. 

Signal meaning differs depending upon operation mode. 
(Refer to 3.4 Basic timing.) 










Machine cycle 1. 
When both M1 and IORQ are at L level, indicates that MPU is 
executing the interrupt acknowledge cycle. 

(Refer to 3.4 Basic timing.) 
Normally, connected to M1 of MPU. 










I/O request. 
Used to access between MPU and PIO. This terminal becomes L level 
when I/O addresses are on the address in the write cycle and read 
cycle. Further, when IORQ and M1 are both at L level, it indicates 
that MPU is executing the interrupt acknowredge cycle. 

(Refer to 3.4 Basic timing.) 

Normally, connected to IORQ of MPU. 

























Read signal. 
Used to access between MPU and PIO. 
Controls the transfer direction. 
(Refer to 3.4 Basic timing) 
Normally, connected to RD of MPU. 










Port B bus. 
Data transfer between Port B of PIO and external device. Capable of 
driving - 1.5mA (@VOH = 1.5V) Darlington transistors. 











System clock. 
Signal-phase clock input. 
In DC state (either at H or L level), PIO is in a stand-by state and 
power consumption becomes extermely less. 







100489 


MPUZ80-167 











TOSHIBA | TMPZ84C20A 


Table 2.1. Pin Names and Functions (3/3) 


Number Input/Output |. 


Interrupt enable input. 
Together with [EO and INT, forms daisy chain interrupt control 
input signal. Connected to IEO of high priority peripheral LSI. 
However, to give higher priority than other peripheral LSI’s to this 
PIO, connect this.terminal to the +5V power. 
(Refer to 3.3.2 Interruption.) 
; i 






















interrupt request. 
interrupt request signal for MPU. 
Connect to INT of MPU. (Open drain) 


i tt 


Interrupt enable output. 
Together with IEI and INT, forms daisy chain interrupt control signal. 
Connected to IE! or low prioirity peripheral LSI. 

However, if this PlO has the lowest priority than any other 
peripheral LSI’s, this IEO is not used. 

(Refer to 3.3.2 Interruption.) 


eS 


Output 





Port B ready 
Handshake signal to the external device. 

Signal meaning is the same as that of ARDY. 
However, it differs when Port A is in Mode 2. 
(Rerfer to 3.4 Basic timing.) 


100489 
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3. FUNCTIONAL DESCRIPTION 
3.1 PIO BLOCK DIAGRAM 
Figure 3.1 shows the PIO block diagram. 







INTERNAL 





PAQ~PA7 : 
DATA CONTROL LINE ) 







OPERATION PORTA 
CIRCUIT 













I/O 
LOGICAL (PORT I/O LINE) ese 
OPERATION ASTB 
CIRCUIT ARDY 















HANDSHAKE 














: CONTROL LINE 
po~p7 << > 
DATA BUS a 
Bote LOGICAL INTERNAL BUS 
CEMIIORQ, © | OPERATION 
C/D,B/A,RD “CONTROL | CIRCUIT 
ene PBO~PB7 






PORT B 
DATA CONTROL LINE 













0 
LOGICAL (PORT I/O LINE) 
BSTB 
CIRCUIT BRDY 


HANDSHAKE 
OPERATION CONTROL LINE 


CIRCUIT 


INTERRUPT CONTROL LINE 


200489 
Figure 3.1 PIO Block Diagram 
3.2 PIOSYSTEM CONFIGURATION 
The PIO system consists of the four logic circuits: 


(1) MPU bus I//O logic circuit 





(2) Internal control logic circuit 
(3) Interrupt control logic circuit 
(4) Port I/O logic circuit 
[1]’ MPU Bus 1/O Logic Circuit 
The MPU bus I/O logic circuit transfers data between the MPU and the PIO. 
[2] Internal Control Logic Circuit 


The internal control logic circuit controls the PIO operating functions like the PIO 
selecting chip enable and the read/write circuits. 
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[3] 


[4] 


Interrupt Control Logic Circuit 


The interrupt control logic circuit performs the MPU interrupt-associated processing 
such as determining interrupt priorities. The priorities with other LSI peripherals are 
determined by the physical location chain connection. 


Port I/O Logic Circuit 


The port I/O logic circuits are used to directly connect to peripheral devices. Each 
consists of the following 7 registers and 1 flip-flop. Data are written in the registers by 
the MPU as specified in the program. Figure 3.2 shows the internal configuration of the 


ports. 

e Data output register (8 bits) 
e Data input register (8 bits) 
e Mode control register (2 bits) 
@ Interrupt vector register (8 bits) 
e Interrupt control register (2 bits) 
e Mask control register (8 bits) 
e Data I/O control register (8 bits) 
e Handshake control logic circuit 





INTERRUPT MODE One 
VECTOR CONTROL CONTROL 


REGISTER REGISTER REGISTER 
(8 BITS) (2 BITS) (8 BITS) 


i OUTPUT ENABLE 


DATA 
OUTPUT 
REGISTER 
(8 BITS) 













INTERNAL BUS 











DATA 
CONTROL LINE 








INTERRUPT MASK DATA 














CONTROL CONTROL INPUT 
REGISTER REGISTER INEUECDATAT: REGISTER 
(2 BITS) (8 BITS) (8 BITS) 





INTERRUPT nN Eo ae 
REQUEST CONTROL 
CIRCUIT STROBE 


Figure 3.2 Port Internal Configuration 


HANDSHAKE 
CONTROL LINE 
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3:3 


[1] 


(1) 


(2) 


(3) 


(5) 


(6) 


(7) 


(8) 


Data Output Register 


This register holds the data to be teansferred from the MPU to peripheral 
devices. 


Data Input Register 


This register latches the data to be transferres from peripheral devices to the 
MPU. 
The input data to the MPU is read through this register. 


Mode Control Register 


This register specifies the operation mode. The operation mode is set by MPU 
control. 


Interrupt Vector Register 


This register holds the vector which makes up the address of the table storing 
the start adress of the interrupt processing routine. 
This register is used only for interrupt processing. 


Interrupt Control Register 


This register specifies how the I/O ports are to be monitored. This register is 
used only in the PIO mode 8. 


Mask Control Register 


This register specifies which I/O port pin is to be monitored. This register is 
used only in the PIO mode 3. 


Data I/O Control Register 


This register specifies whether each port pin is to be used as output or input. 
This register is used only in PIO mode 3. 


Handshake Control Logic 


This cirsuit controls the data transfer to the peripheral devices connected to the 
8-bit I/O ports. 


PIO BASIC OPERATIONS 


Reset 


The PIO provides the following two reset capabilities: 
When PIO is connected with the MPU (TMPZ84CO0A, 01A, 02A) of Z80 series, or 


ASSP (TMPZ84C011A, 013A, 015A, 710A, 810A), it is necessary to connect with 
external logic as Figure 3.3. 





MPU / ASSP 
100489 


Figure 3.3 External Signal Reset Logic 
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(1) Power-on Reset 


The PIO contains the circuit which automatically resets the PIO at the time of 
power-on. 


(2) Hardware Reset 


Making the M1 pin low for 2 system clock periods with the RD and IORQ pins 
being high resets the PIO on the rising edge of the M1 pin. 


Reset State 


(a) The operation mode is set to mode 1 for both ports. 

(b) Interrupt is disabled. 

(c) All the bits of the data I/O register of each port are reset. 

(d) All the bits of the mask control register of each port are set and masked. 

(e) The port I/O lines of each port are put in the high-impedance state (floating). 
(f) The RDY pin of each port goes low. 


The reset state is held until the control word is written. For the function of the 
control word, see Subsection 3.5 “Operational Procedure”. 


Interrupt 


The PIO can cause an interrupt when the MPU is operating in mode 2. The interrupt 
request signal (INT) from the PIO is accepted when the MPU is in the inetrrupt enabled 
state (caused after the execution of EI instruction). Receiving the INT signal, the MPU 
latches the interrupt vector (8-bit data) sent from PIO, specifies the start address of the 
interrupt processing routine based on the vector, and calls the routine to start the 
processing. 

Thus, since the start address of the interrupt processing routine can be specified by 
the interrupt vector sent from the PIO, the user can change the vector value to call any 
desired address. 

Interrupt processing is terminated when the MPU executes the RETI instruction. 
The PIO has the circuit to decode the RETI instruction to detect the termination of 
interrupt processing by constantly monitoring the data bus. 

The interrupt priority among the Z80 peripharal LSIs is determined by the daisy 


chain structure. In daisy chain, the peripheral LSIs are connected one after another as 


shown in Figure 3.4. The more a peripheral LSIs is physically located near the MPU, 
the higher the priority of the peripheral is. Within the PIO, port A is given higher 
priority than port B. The Z80 peripheral LSIs have the signal lines [KO and IEI 
connected to the IEO of a higher peripheral LSIs and IEI of a lower peripheral LSI 
respectively. However, the IEI of the highest peripheral LSIs is connected to the [EI pin 
and the IEO of the lowest peripheral LSI is connected to the IEO pin. In this state, the 
PIO interrupt follows the conditions: 
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e When both IKI and IEO are high, no interrupt has occurred. This time, the 
interrupt request signal (INT) is high. In this state, the PIO can request interrupt. 


e When the PIO sends the INT signal, it sets the IEO line to the low level. When the 
interrupt request is accepted by the MPU, INT goes back to the low level. 


® When the IEI goes low, the IEO also goes low. 
e When the IKI is low, the PIO cannot request an interrupt. 


e If the IEI goes low during interrupt occurrence, the interrupt processing is 
suspended. 


The operations of the four Z80 peripheral LSIs (the states of IKI, IEO and INT signal) 
daisy-chained as shown in Figure 3.4 are as follows: 





(1) Before interrupt occurrence 





(2) Interrupt request from LSI-2 to the MPU 





(3) The MPU acknowledges (enables) the interrupt. Interrupt processing for LSI-2 is 
performed. 


T Vcc 
MPU Int 4 
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(4) Interrupt request from LSI-1 to the MPU. The interrupt processing for LSI-2 is 
suspended. 





(5) The MPU acknowledges (enables) the interrupt. Interrupt processing for LSI-1 is 
performed. 





(6) Interrupt processing for LSI-1 terminates (upon execution of the RETI instruction). 
Interrupt processing for LSI-2 is restarted. 





(7) Interrupt processing for LSI-2 terminates (upon execution of the RETI instruction). 


MPU 





Interrupt priority is given to LSI-1, LSI-2, LSI-3 and LSI-4 in this order. 
100489 


Figure 3.4 Signal States in Daisy Chain Structure 
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[3] 


Operation Modes 


The PIO operates in one of the 4 operation modes. The mode is selected by writing the 


mode control word. 


(1) 


(2) 


(3) 


(4) 


Mode 0 (byte output mode) 
Mode 1 (byte input mode) 
Mode 2 (byte I/O mode) 
Mode 3 (bite mode) 

Mode 0 (byte output mode) 


In mode 0, the PIO sends the data received from the MPU to the external device 
through the port data output register. The contents of this register can be 
rewritten by using an output instruction. If the data on the bus change, the 
register contents remain unchanged until the next output instruction is executed. 
When the MPU executes an output instruction, the write signal is generated in the 
PIO in the write cycle. Using the signal, data on the data bus can be latched in the 
data output register. 


Mode 1 (byte input mode) 


In this mode, the PIO sends the data received from the external device to the 
MPU through the port data input register. The data transfer to the MPU is 
suspended until the MPU has read the current data. 


Mode 2 (byte I/O mode) 


Mode 2 is a combination of mode 0 and mode 1. This mode is used only for port 
A. In this mode, all 4 handshake control lines are used. Port A’s handshake 
control lines are used for data output and the port B’s handshake control lines are 
used for data input. For data transfer, port A is used. Port B is set in mode 3 (bit 
mode) in which no handshake control line is used. 

In this mode, the interrupt timing occurs almost at the same time in mode 0 and 
mode 1. In an input operation, the port B’s handshake control lines are used, so 
that the interrupt vetor written in port B is transferred. Therefore, the interrupts 
in input and output can be controlled by different vectors. 


Mode 3 (bit mode) 


In mode 3, the 8-bit port I/O lines are controlled for each bit. Since no 
handshake control lines are used, ordinaly read/write operations can be performed. 
I/O operations can be performed on the port as well. In a write operation, the data 
sent from the MPU to the PIO are latched in the data output register 
corresponding to the bit set for output in the same timing as in mode 0. 
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An interrupt occurs in the interrupt enabled state and when the bit set for input 
satisfies the condition specified in the interrupt control word. However, if port A is 
operating in mode 2, port B cannot cause an interrupt in the bit mode. Note that, 
to use the interrupt capability, the mask control register bit corresponding to the 
bit set for output must be set to “1” to disable its interrupt. 
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3.4 PIOSTATUS TRANSITION AND BASIC TIMING 
[1] Status Transition 


Figure 3.5 shows the PIO status transition diagram. 
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Figure 3.5 (a) PIO Status Transition 
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Figure 3.5 (b) PIO Status Transition 
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[2] 


[3] 


Write Cycle 


The IORQ, RD, C/D (AO), and CE(A7 through AO) signals generate the write signal 
(*WR) inside the PIO. 

The MPU sets the PIO’s IORQ signal to the low level at system clock T2, to start the 
write cycle. At this time, to indicate that this cycle is a write sycle, the PIO’s M1 signal 
must be set to the high level. At the same time, the MPU sends signals to the PIO’s B/A 
(A1) and C/D (AO) to specify the port or select control signal or the data. This allows the 
port data ouput register of the PIO’s selected port to latch the data at system clock T3. 
TW is a wait state automatically inserted by the MPU. 


T1 T?2 Tw 13 TY 
c/D, Bi 
CN a a Ci(“(_i‘“S 
eC 
= | 
M1 
*WR \ / 
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Figure 3.6 Write Cycle Timing 
Read Cycle 


The MPU sets the PIO’s, RD pin, CE signal, and IORQ pin to the low level at system 
clock T2 tu start the read cycle. At this time, to indicate that this cycle is a read cycle, 
the PIO’s M1 pin must be set to the high level. The PIO outputs data in the CE, IORQ, 
and RD signals. TW is a wait state automatically inserted by the MPU. 
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(5) 


DATA BUS 
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Figure 3.7 Read Cycle Timing 


Mode 0 (Byte Output Mode) 


The mode 0 output cycle starts when the MPU executes an output instruction. When 
an output instruction is executed, he write signal (*WR) is generated in the PIO in the 
write cycle. This signal latches the data on the data bus to the data output register of 
the selected port. The RDY pin goes high on the first falling edge of the system clock 
after the rise of the write signal (*"WR). This indicates that the data in the data output 
register are already on the port I/O pin. The peripheral device sets the RDY pin to the 
low level on the first falling edge of the system clock after the rise of the STB pin to be 
input to the PIO to indicate that the peripheral device has received the data from the 
port I/O pin, waiting for the next output instruction. If, at this time, the PIO is enabled 
for interrupts, it sets the INT pin to the low level on the rising edge of the STB signal to 
output the interrupt request signal to the MPU. Figure 3.8 shows the timing chart of 
mode 0. 


Mode 1 (Byte Input Mode) 


The input cycle starts when the MPU has completed the previous data read operation. 
The peripheral device sets the PIO’s STB pin to the lower level, putting data on the port 
I/O line. 

The RDY pin is driven low on the first falling edge of the system clock after the rise of 
the STB pin, disabling the peripheral device to send the next data. If, at this time, the 
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PIO is enabled for interrupts, it sets the INT pin to the low level on the rising edge of the 
STB pin, making an interrupt request to the MPU. When the MPU executes the input 
instruction in the interrupt processing routine, the read signal (*RD) is generated in the 
PIO in the read cycle. This signal puts the data in the data input register of the selected 
port on the data bus. The MPU receives this data. The PIO sets the RDY pin to the high 
level on the first falling edge of the system clock after the rise of the read signal (*RD) to 
wait for the input of the next data. Figure 3.9 shows the mode 1 timing chart. 
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Figure 3.8 Mode 0 Timing Chart 
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Figure 3.9 Mode 1 Timing Chart 
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Mode 2 (Byte I/O Mode) 


Mode 2 is a combination of mode 0 and mode 1. The timing for output operation is 
generally the same as in mode 0 except that, in mode 2, data is output only when the 
ASTB pin is low while, in mode 0, data is always on the port I/O line. The peripheral 
device can receive data on the rising edge of the ASTB signal being used as the latch 
signal. 

The input timing is the same as in mode 1. 

The port A handshake line is used as output control and the port B handshake line is. 
as input control. | 

The value of the interrupt vector generated by the BSTB signal during port A input 
operation is the same as the value of the interrupt vector generated when port B is used 
in mode 8. Hence, all port B bits are masked by setting the mask control word to disable 
port B for the interrupt capability. 


CLK 


ARDY 


(ee . | : 
*WR=C/D-CE-RD-IORQ 
Figure 3.10 Mode 2 Timing Chart 
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Mode 3 (Bit Mode) 


In this mode, no handshake line is used. Therefore, the ordinary port read/write 


operations can be performed, permitting access to the ports any time. The write data 


from the MPU is latched to the data output register corresponding to the bit set for 


output in the same timing as in mode 0. Except when port B is used in mode 2, the STB 


pin of the port operating in mode 8 is fixed to the low level. The transfer data consists of 
the data in the data output register and in the data input register. That is, the data of 
the bit set for output and the data of the bit set for input make up the transfer data. 
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An interrupt occurs when the interrupt enabled state is on and the bits set for input 
safety the condition specified by the mask control word, etc. However, if port A is 
operating in mode 2, port B is disabled for interrupt in the bit mode. Note that, to use 
the interrupt capability, the bit on the mask register corresponding to the bit set for 
output must be set to “1” to disable it for interrupts. 





An interrupt request occurs when the logic condition becomes true. If the logic 
condition becomes true immediately before the M1 pin becomes low or while M1 pin low, 
an interrupt request occurs on the rising edge on the M1 pin. 





{ 
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DATA BUS INPUT 
INTERRUPT CONDITION IS 
SATISFIED DATA 1 IS PUT ON BUS 
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Figure 3.11 Mode 3 Timing Chart 


[8] Interrupt Acknowredge Cycle 


Outputting the interrupt request signal (INT), the PIO sets the IEO signal to the low 

level, disabling the low-priority peripheral LSIs for interrupt requests. 
Receiving the interrupt request signal (INT) from the PIO, the MPU sets the PIO’s M1 
and IORQ pins to the low level to indicate that the MPU has acknowledged the interrupt 
request. The IORQ pin goes low 2.5 system clocks later than the M1 pin. To stabilize the 
daisy-chained signal lines (IEI and IEO), the ports and peripheral LSIs cannot change 
the interrupt request. 

The RD pin remaines high to make distinction between the instruction fetch and 
interrupt acknowledge cycles. While the RD pin is high, the interrupt control logic in 
the PIO determines the interrupt requesting port of the highest priority. When the 
IORQ pin goes low with the IKI pin being high, the interrupt vector is put on the data 
bus from the interrupt requesting port. At the same time, two system clocks are 
automatically inserted by the MPU as a wait state to stabilize the daisy chain structure. 
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[9] 
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Figure 3.12 Interrupt Acknowledge Cycle Timing Charts 


Return from Interrupt Cycle 


Return from interrupt processing is performed when the MPU executes the RETI 
instruction. This RETI instruction must be used at the end of the interrupt processing 
routine. When the MPU executes this instruction, the PIO’s IEI and IEO return to the 
states active before interrupt processing. 

The RETI instruction consists of two bytes and its code EDH and 4DH. The PIO 
decodes the RETI instruction to determine whether there is any interrupt requesting 
port. In the daisy chain structure, the IEI and IEO of the interrupting LSI remain high 
and low respectively at the time the instruction code EDH has been decoded. If the code 
following EDH is 4DH, only the peripheral LSI which has sent an interrupt vector 
immediately before, that is, the LSI whose IEI is high and IEO is low, returns from 
interrupt processing. This restarts the interrupt processing of the supended peripheral 
LSIs of lower interrupt priory. 
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IEO 
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Figure 3.13 Interrupt Cycle Return Timing Chart 
3.5 PIO OPERATIONAL PROCEDURE 


To operate the PIO the control words shown below must be written in it as the initial 
settings. They must be wrriten in the PIO’s ports, A and B, separately. Spesify the I/O 
address listed in Table 3.1 to write control words and data in the PIO. 


Table 3.1 1/O Adreesses 


0 0 0 


Port A data 
Port B command 
Port B data 
Port B command | 
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(1) Interrupt Vector Word 
[or [be [65 [ba [os oz] OTTO 


| sia Identifies the interrupt vector word. 


User-defined interrupt vector 
200489 





@ Using this vector and the contents of the address indicated by the MPU’s register, 
the MPU generates the start address of the interrupt processing routine. 


e DO through D7 are written in the interrupt processing register. 


e This word is not needed when the interrupt capability is not used. 
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(2) Mode Control Word 


eryee[es[oaT a+ ]7 [7 


| lela aaemane Identifies the mode control word. 
Don't care 
Mode Select 
D7 =0, D6=0 : ModeO 
| D7 =0, D6=1 : Mode 1 


D7=1, D6=0 : Mode 2 


D7 =1, Dé=1 : Mode 3 
100489 


e This word specifies an operation mode. 
e D7 and D6 are written in the mode control register. 


(3) Datal/O Control Word 
[o7 [ps [95 [54 [os] b2 [br [bo 


| 2 : Output 


1: Input 
100489 


@ This word is needed only in mode 8. 


e When mode 8 is specified by the mode control word, the data I/O control word is 
written after it. 


® Each port is specified for output or input. 
e DO through D7 are written in the data I/O register. 
(4) Interrupt Control Word 


DACs cL ee 


Identifies the interrupt control word. 
: Mask word not required. 
: Mask word required. 


_- 


: Active level is high. 


| 
Hh 


° : Interrupt disabled. 
1: Interrupt enabled. 


0 
1 
0: Active level is low. 
0 


Interrupt occurs when logic condition is OR. 
Interrupt occurs when logic condition is AND. 


_— 
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(5) 


This word is for interrupt control such as interrupt condition setting. 
D4, D5, and D6 are used only in mode 3. 


With D6=0, interrupt occurs when one of the bits not masked (the bit to be 
monitored) by the mask control word goes active. 


With D6=1, interrupt occurs when all bits not masked (the bit to be monitored) by 
the mask control word goes active. 


With D4=1, the suspended interrupts are all reset regardless of the mode. 


D5 and D6 are written in the control register. 


Mask Control Word 


[or [os [os [oa [0s |b [ OF [60] 


Ei : Not masked (to be monitored) 


1 : Not masked (not to be monitored) 
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This word is needed only in mode 3. 


When D4=1 is set by the interrupt control word, the mask control word must be 
written after it. 


This word specifies whether to monitor the port I/O line specified for input by the 
data I/O control word. 


When the bit is set to 0, the corresponding input line is monitored and regarded as 
the input associated with interrupt occurrence. 


When the bit is set to 1, the corresponding input line is masked to provide the input 
not related to interrupt occurrence. 


The PIO checkes only the input line with the bit being 0 to see if the interrupt 
condition is satisfied. If the condition is satisfied, the PIO requests an interrupt. 


DO through D7 are written in the mask control register. 


When port A is put in mode 2, all 4 handshake lines are used, so that port B must be 


set in mode 3 which uses no handshake lines. At the same time, all mask control word 
bits must be set to 1 (masked). 


Note: Only interrupt enable/disable can be set by the following control word: 
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|7 | D6 | D5 | Da} of of 1 [7 | 
| it the control word which sets only 


interrupt enable/disable. 
Don't care 


F : Disables interrupt. 


1: Enables interrupt. 
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3.6 USING PIO 


The following is a programming example to operate the PIO’s port in mode 3. This 
program is followed by the main routine and the interrupt processing program. 


6 The MPU is used in the mode 2 interrupt. 

e The table storing the start address of the interrupt processing routine is 0802H. 
e Interrupts occur when both PIO’s port input lines A6 and A5 go high. 

e The I/O addresses of the PIO are the address listed in Table 3.1. 


Ag~Az 


External device 
c= paiement tol 5 


MPU 


Address 
decoder 
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Figure 3.14 PIO Connection 


MPUZ80-188 


TOSHIBA TMPZ84C20A 





ORG 100H 
LO -SP00H) es Sets the stack pointer. 
EMC 22 ee Sets for MPU mode 2 interrupt. 
LD A,O8H ctr": Writes data in MPU I register. 
LD I,A 

> 
LD A,O2H  ocrrss Writes the interrupt vector word. 
OUT (01H),A 
LD A,OCFH crc": Writes the mode control word. 
OUT (01H) ,A 
LD. A, 62H 28% Writes the data I/O control word, Sets PIO. 
OUT (01H) ,A 
LD A,F7H octets Writes interrupt control word. 
OUT(01H),A 
LD A,QOFH ocrre"? Writes the mask control word. 
OUT (01H),A 
Boe ars Set interrupt enable. 
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4. ELECTRICAL CHARACTERISTICS 
4.1 ABSOLUTE MAXIMUM RATING 


Vec 
VIN 
PD 





Input Voltage -0.5~VCC + 0.3 V 
Power Dissipation (6MHz VERSION : TA= eo 6) 250 mW 
(8MHz VERSION : TA = 70°C) 















| TSOLDER | Soldering Temperature (10 sec) Lae 


TSTG Storage Temperature -65~150 
TOPR 


4.2 DCELECTRICAL CHARACTERISTICS 


6MHz VERSION : Ta=—40°C~85°C, Vac=5V+10%, Vgg=0V 
8MHz VERSION : Ta=—10°C~70°C, Vec=5V+5%, Vgg=0V 


PARAMETER 


VILC Low Clock Input Voltage 


VIHC High Clock Input Voltage 









Operating Temperature 





6MHz VERSION ~ 40~85 - 
8MHz VERSION ~~ 10~70 
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SYMBOL MAX. 


















or oa ee 





BLO ioe) 







VOL Output Low Voltage lIOL=2.0mA 
VOH2 | Output High Voltage (II) IOH = —- 250pA 
Current in Float . 
welled Darlington Drive Current NON GAeY | 
(2) er ee REXT = 1.1KQ — 1.9 —9.0 mA 






Power Supply Current 


Standly Supply Current Vitc = Vit = 0.2 
oS Vin = Vin = Vcc-0.2V 


Note: (1) fCLK=1/tcC (MIN.) (2) Port B only 050489 


ICC2 


(o) 
a" 


© 
Hm 
— — 
© Oo 
3 
> 


= 
is 
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4.3. ACELECTRICAL CHARACTERISTICS 


6MHzVERSION : Ta=-—40°C~85°C, Voc =5V£10%, Vgg=0V 
8MHz VERSION : Ta=—10°C~70°C, Voc=5V £5%, Vss=0V 


AP-6/AM-6/ 
AT-6 aie 
NO. SYMBOL PARAMETER (6MHz) (8MHz) 


3 

: 
Clock falling time L = 
Tre [Clock rising time . | = | 
tTscs(Rl) «| CE, B/A and C/D set-up time for RD, IORQ 
teen 


(1/2) 


UNIT 


Ns 










wn 
g 
O 





Ww 


* 
— 
a 





NO 
© 





ns 


ns 


Ns 


—_ 


TdRI (DO) Delay from RD, IORQ fall to data output p= 
Q |TdRI (DOs) Delay from RD, IORQ rise to data float = 
TsDI (C) Data set-up time for clock rise 


2 |Tdlo (DON) Delay from IORQ fall of INTA cycle to data pa | 
output 


13. | TsM1 (Cr) M1 =Lset-up time for clock rise 


14 | TsM1 (Cf) M1 =H set-up time for clock fall (M1 sycle) 


5 |TdM1 (IEO) Delay from M71 fall to IEO fall es 


6 | TsiEl (IO) IEl set-up time for IORQ fall (INTA cycle) 


— 





—> 
oe) 







=O NS] oO cen bee 
~~ oOo oi olo ala}layoa 


—_— 


_ —_— = — W 
NO —- © NO “SI | © NO 
(an) =O © Oo ; © (on) 
(an) (an) Oo} oO (ome a >) 


7 | TdIEl (IEOf) Delay from IE! fall to IEO rise 100 
18 | TdlEl (IEOr) Delay from |EI rise to IEO fall 120 ns 










aE 
On 
(a) 

—_— 

Ro 

jen) 


cycle) 


0 |TdC(RDYr) Delay from clock fall to READY rise 
1 |TdC (RDYf) Delay from clock fall to READY fall 


TwSTB (C) STROBE pulse width a 





No 


ns 


NO 


ns 


lIORQ =H set-up time for clock fall 
19 | TclO (C) (in case of making READY to active by next| 170 


2 


-_~ 
N © 
eesti Gib 


—_— —_ 
=| uM 
o;o 
















2 
23 100 






8 
NO 
© 


Set-up time of STROBE rise for clock fall 
TsSTB (C) (in case of making READY to active by next | 150 
cycle) 
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(2/2) 


| | AP-6/AM-6/ 7 
AT-6 APS 
NO. SYMBOL PARAMETER (6MHz) fends: | | UN 
24 |TdlO (PD) Delay from IORQ rise to port data stable 160 
(Mode 0) 


TsPD (STB) Data set-up time [Data set-up time for STROBE rise (Mode 1) _ STROBE rise ( [Data set-up time for STROBE rise (Mode 1) _ 1) pet bat fa 


26 |TdSTB (PD) Output data delay time from STROBE fall 180 150 
(Mode 2) 

27 \TdSTB (PDr) Delay from STROBE rise to data float 160 120 
(Mode 2) 


























28 


TdPD (INT) Arias port data match to INT fall Dei 
250 


29 | TdSTB (INT) Delay from STROBE rise to INT fall 
(Mode 2) 


Note: 
1 Item with * mark (No.7) is not compatible with NMOS Z80 PIO. 
2 (1) Ifthe daisy chain is at N stage, 
2.5 TeC >(N-2)TdIEIGEOf) + TdM1(EO) + TsIEIUO) + TTL buffer delay must be satisfied. 
(2) In Mode 2, TwSTB>TsPD(STB) must be satisfied. 
(3) Attestcondition: Input : VIH=2.4V, VIHC=VCC-0.6V, VIL=0.4V, VILC=0.6V 
Output :VOH=2.2V, VOL=0.8V, CL=100pF 
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4.4 CAPACITANCE 
TA =25°C 


SYMBOL ITEM TEST CONDITION jin, | Tye. | Max. UNIT 


CCLOCK Clock Input Capacitance | ¢. q\qH? “an eae 
CIN —— al Input Capacitance All terminals except that to be 


COUT Output Capacitance measured should be earthed. 
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4.5 TIMING DIAGRAM 


Numbers shown in the following figures correspond with those in the 4.3 A.C 
Electrical Characteristics Table. 


(2) 11 3)||_ ©) 
CLOCK a 
_ 7c | 
B/A, C/ E 
Ov = et 
RD, TORO ea ae 








lE| 
“St 
IEO 
READY —\ 


(ARDY OR BRDY) [lo 
STROBE <~—_———(22) 


(ASTB OR BSTB) 


MODEO (28) 


ee a 


<--> 
a eeSeere ea 
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Figure 4.1 Timing Diagram 
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5. PACKAGE DIMENSION 
5.1 40-PIN PLASTIC PACKAGE 
DIP40-P-600 


40 21 





~ 
io) 
+I 
A 
~ 
- 


| 50.7+0.2 | 








oS 
oO 


+0.3 





JSIMINI|3.52 
4.5 
3.5+0.3 


1.22TYP in 
Bros w © 


270289 


Note 1: This dimention is measured at the center of bending point of leads. 
Note 2:Each lead pitch is 2.54mm, and all the leads are located within +0.25mm from their 
theoretical positions with respect to No.1 and No.40 leads. 
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5.2 A0-PINSMALL OUTLINE PACKAGE 
SSOP40-P-450 




















Unit: mm 
40 21 
NOU UU OOOO 
NOUOODODOODOOAngOOOALALoE 
DOO AOA pea oA AA pee es 
N om en 
ol Oo a 
+ +I c 
a} 8 - 
of a 
EY, WERESTIRDRL ED A RE ees ae = 
TOUU WO oOUOoUDOUUU ooo 
Pio onaDooOUOUODeanaoOoDUoaU SG 
WOUUWEOdEGoUdo odo oo 
1 20 
1.15TYP [eae 1.15TYP 
Pfo.16W 
| 17.5+0.2 
Lanne w 
—O 
: oo 
+ | 
wo 
F 
Oo 
0.8+0.2 
270289 


Note: Package Width and length do not include Mold Protrusions. 
Allowable Mold Protrusion is 0.15mm. 
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5.3. 44-PIN PLCC PACKAGE 
QFJ44-P-S650 


17.52 +0.2 Unit: mm 


16.6+0.2 


6 i 44 40 
ptt it | pt 














B40.18 @ 


15.76 $0.2 


id 
LN 


a 
oO 
+1 
= 
wo 
— 


17.52 40.2 





0.41+0.1 





wn 
=e 
oo 
+ | 
N 
oS 





4.32+0.2 





0.71 +0.1 





15.76 +0.2 
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TMPZ84C30AP-6 / TMIPZ84C30AM-6 / TMPZ84C30AT-6 
TMPZ84C30AP-8 


TLCS-Z80 CTC: COUNTER TIMER CIRCUIT 


1. GENERAL DESCRIPTION AND FEATURES 


The TMPZ84C30A (hereinafter referred to as CTC) is CMOS version of Z80 CTC and 


has been designed to provide low power operation. 


(1) 
(2) 


(3) 


(4) 


(5) 
(6) 


(7) 


(8) 


(9) 


(10) 


(11) 


(12) 


The TMPZ84C80A is fablicated using Toshiba’s CMOS Silicon Gate Technology. 


The principal functions and features of the CTC are as follows. 


Compatible with the Zilog Z80 CTC. 


Low power consumption. 

4AmATyp. (@5V @6MHz) -:: TMPZ84C30AP-6/AM-6/AT-6 
5mA Typ. (@5V @8MHz) -:: TMPZ84C30AP-8 

10pA Max. (@5V, Stand-by) 


DC to 6MHz operation --- TMPZ84C30AP-6/AM-6/AT-6 
DC to 8MHz operation --- TMPZ84C30AP-8 


Single 5V power supply and single-phase clock. 5V +10% (6MHz VERSION) 
5V + 5% (8MHz VERSION) 


Capable of driving Darlington transistors. 


Four independent counter/timer channels each of which is capable of 
independently selecting Timer Mode and Counter Mode. 


Each channel is provided with a prescaler to divide system clock into 16 or 256. 


Built-in interrupt control logical operation circuit allows priority processing of 
interrupt in Daisy-chain structure and automatic loading of 8 bit interrupt vector 
on the system bus. 


Four channels occupy 4 successive positions in the Daisy-chain structure. Most 
significant channel is Channel 0 and least significant channel is Channel 3. 


In both modes, at the zero count, the content of the time constant register is 
automatically loaded on the down counter. 


In either Counter Mode or Timer Mode, the content of the down counter is 
readable by the microprocessor (hereinafter referred to as MPU). 


Interrupt function available in Z80 MPU Mode 2. 
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(13) In Timer Mode, the timer operation is selectable at the rise or fall of the starting 
trigger. In addition, in Counter Mode the decrement (-1) of the content of the down 
counter either at the rise or fall of external clock is selectable. 


(14) Programming to generate interrupt by zero count by the down counter in each 
channel is possible. 


(15) 40 pin DIP package, 40 pin SOP, 44 pin PLCC package. 


Note: Z80 is a trademark of Zilog Inc., U.S.A. 
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2. PIN CONNECTIONS AND PIN FUNCTIONS 
2.1 PIN CONNECTIONS (Top View) 


The pin connections of the CTC are as shown in Figure 2.1 and Figure 2.2. 


28 
27 
26 
25 VSS NC 
NC NC 
5: ] CLK/TRG ie vee 
TpeeeGuane = : : ZC/TOO NC 
Tmpzs4c30am-6 22 [I CLK/TRG, oy ange 
ZC/TO1 U....: TMPZ84C30AT-6 
TMPZ84C30AP-8 
ve hee: eon te: CLK/TRG1 
ECON TRGS iORQ CLK/TRG2 
NC CLK/TRG3 
IEO NC 


NC CS1 





100489 100489 


Figure 2.1 DIP, SOP Pin Connections Figure 2.2 44-Pin PLCC Package 
2.2 PINNAMES AND FUNCTIONS 


I/O pin names and functions are as shown in Table 2.1. 


Table 2.1 Pin Names and Functions (1/2) 
Number yeas ; 
DO~D7 8-bit bi-directional data bus. 
nee 
. The read signal. _ 
Input This signal is used in combination with |ORQ and CE signals for 
transfer of data and channel control words between MPU and CTC. 
ZC/TOO The Zero Count/Timer Out signal. In either the Timer mode, or 
Output counter mode, pulses are output from these pins when the down 
ZC/TO2 counter has reached zero. 
I/O request signal. _ 7 
Input This signal is used in combine with RD and CE signals for transfer of 
data and channel control words between MPU and CTC. 


Interruption enable output. 

Controls interruptions by subordinate peripheral LSI’s in the Daisy- 
Output chain structure. This terminal becomes H level only when the IEl 

terminal is at H level and MPU is not providing the interruption 

service to channels in CTC. 
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Table 2.1. Pin Names and Functions (2/2) 


pia Naimme Number | Input/output Bae cian 
of Pin 3-state 


Interruption request. 
INT Guin This terminal becomes L level if a down-counter for any channel in 
P CTC counts zero when the JE! terminal is at H level and interruption 
is authorized by a program. 
anes The interrupt Enable Input signal. This signal is used with the IEO to 
Input 































driven peripheral LSI. 


Machine cycle 1. 

Informs the machine cycle from MPU. In combination with the RD 
signal, indiates that MPU fetches commands from the memory, and 
in combination with the IORQ signal, indicates that MPU is in the 
interruption acknowledge cycle. This terminal is used, in 
combination with the IORQ signal, to send the interruption vector 
to MPU. 





form a priority daisy chain when there is more than one interrupt- 





Single-phase clock input. 
Single-phase Z80 standard system clock is inputted to this terminal. 
When this CLK terminal is in the DC state (high or low level), the CTC 
is placed in the stationary state. 





Chip enable. 
Used to write MPU-CTC channel control word, interruption vector, 
and time constant or to read the content of a downcounter for each 
channel in combination with the |ORQ and RD terminals. 













Reset signal . 
When the reset signal is inputted to this terminal, all channels stop 
to operate and interruption enable bits in all channel control 
registers are reset. This RESET terminal must be kept at “L" level for 
at least 3 system clocks. 





506 







Channel selection. 
Any one of four channels of the CTC is selected by 2-bit code at time 
of read/write. 










The external clock/timer trigger. These 4 CLK/TRG pins correspond 
to 4 channels. In the counter mode, the down counter is 
decremented by 1 and in the timer mode, the timer is activated at 
each active edge (a rising of falling edge) of the signal which are 
input by these pins. It can be selected by program whether the 
active edge is a rising or falling sack 


Vcc 2 ae The power supply (+ 5V) pin 
aia The ground (OV) pin 
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3. FUNCTIONAL DESCRIPTION 
3.1 BLOCK DIAGRAM 
The block diagram of CTC is shown in Figure 3.1. 





CHANNELO 2C/TO0 
~<— CLK /TRGo 
DATA J _ 
Do~D7 
MPU BUS 
0 eee ZC/TO, 
CONTROL | LOGICAL INTERNAL BUS <—— CLK /TRG 
CE —>| OPERATION 
CSo CIRCUIT 
2) CHANNEL2 | > 20/ $92 
M1 ~<— CLK /TRG2 
[ORO 
RD 


CHANNEL3 J«—— CLK / TRG3 
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Figure 3.1 Block Diagram 
3.2 SYSTEM CONFIGURATION 
The CTC system consists of the following 4 logic circuits. 
(1) MPU bus Input/Output Logic Circuit 
(2) Internal control logic circuit 
(3) Interrupt Control Logic Circuit 
(4) 4 Independent Counter/Timer Channel Logic Circuit 
3.2.1 MPU bus input/output logic circuit 
This circuit transfers data between the MPU and the CTC. 
3.2.2 Internal control logic circuit 


This circuit controls the CTC operational functions such as the CTC selecting enable, 
reset, and read/write circuit. 
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3.2.3 Interrupt control logic circuit 


This circuit performs the MPU interrupt related processing such as priority 
determination. The order of priority with other LSIs determined according to the 
physical location in daisy chain connection. 


3.2.4 Counter/timer channel logic circuit 


This circuit consists of the following 2 registers and 2 counters. 
Figure 3.2 shows the configuration of this circuit. 
Time-constant register (8 bits) 
Channel control register (8 bits) 
Down-counter (8 bits) 
Prescaler (8 bits) 


CHANNEL CONTROL TIME CONSTANT 
REGISTER (8 BITS) REGISTER (8 BITS) 


INTERNAL BUS 





PRESCALER 
(8 BITS) 


SYSTEM CLOCK 


NRO cea 






DOWN COUNTER ZC/TO 
(8 BITS) 


CLK/TRG ee 


Figure 3.2 Configuration Counter/Timer Channel Logic Circuit 


(1) Time-constant register 


This register holds the time constant to be written in the down counter. When the 
CTC is initialized or the down-counter has reached zero, the time constant is loaded into 
down-counter. The time constant is set immediately after the MPU has written the 
channel control word in the channel control register. For a time constant, an integer 
from 1 to 256 can be used. 


(2) Channel control register 


This register is used to choose the channel mode or condition according to the channel 
control word sent from the MPU. 
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(3) 


(4) 


3.3 
Cs a 


Down-counter 


The contents of the time-constant register are loaded into the down counter. In the 
counter mode, these contents are decremented for each edge of the external clock. In the 
timer mode, they are decremented for each prescaler clock output. The contents of the 
time-constant register are loaded at intialization or when the down-counter has reached 
zero. 

The contents of the down-counter can be read any time. Also, the system can be 
programmed so that an interrupt request is generated each time the down-counter has 
reached zero. 


Prescaler 


The prescaler, used only in the timer mode, divides the system clock by 16 or 256. The 
dividing number is programmed by channel control word. The output of the prescaler 
becomes the clock input to the down-counter. 


CTC BASIC OPERATIONS 
Reset 


The state of the CTC is unstable after it is powered on. To stabilize the CTC, the low 
level signal needs to be applied to the RESET pin. On any channel, the channel control 
word and time-constant data must be written to be started before it is started in the 
counter or timer mode. To program the system to enable interrupts, the interrupt vector 
word must be written in the interrupt controller. When these data have been written in 
the CTC, it is ready to start. 


3.3.2 Interrupt 


The CTC can cause an interrupt when the MPU is operating on the mode 2. The CTC 
interrupt can be programmed for each channel. Each time the channel’s down-counter 
has reached zero, the CTC outputs the interrupt request signal (INT). When the MPU 
accepts the CTC’s interrupt request, the CTC outputs the interrupt vector. Based on this 
interrupt vector, the MPU specifies the start address of the interrupt processing routine 
and calls it to start interrupt processing. 

The MPU specifies the start address of the interrupt processing routine by the 
interrupt vector output from the CTC, so that the user can change the vector value to 
call any desired address. 

The interrupt processing is terminated when the MPU executes an RETI instruction. 
The CTC has the circuit which decodes the RETI instruction. By constantly monitoring 
the data bus the CTC can detect the termination of the interrupt procrssing. 

The order of interrupt priority with the Z80 peripheral LSIs is determined by the daisy 
chain connection. That is, the peripheral LSIs are connected one after another and the 
one physically near MPU is given a higher priority. 
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Inside the CTC, channel 0 is given the highest priority, followed by channels 1, 2 and 
3 in this order. 


The CTC and other peripheral LSIs have the signal lines IEO and IEI. Connect the 
IEO of a higher peripheral LSI to the IEI of a lower peripheral LSI. Connect the IEI of 
the highest peripheral LSI to VCC. Leave the IEO of the peripheral LSI unused. In this 
connection, the CTC interrupt is caused under the following conditions: 


e When both IKI and IEO are high, no interrupt is caused. At this time, the INT 
signal is high. An interrupt can be requested in this state. 


e When the CTC outputs the interrupt request signal (INT), the IEO of the CTC 
becomes low. When the MPU accepts the interrupt, the INT goes high again. 


e When the IEI goes low, the IEO also goes low. 
e While the IEI is low, no interrupt can be requested. 


e When the IEI goes low while an interrupt is being serviced, the interrupt 
processiong is aborted. 


3.3.3 Operation modes 


(1) 


(2) 


The CTC oprates in either the counter mode or the timer mode. Mode is selected by 
writing the channel control word. 


Counter mode 


In the counter mode, the number of edge of the pulse applied to the channel’s 
CLK/TRG pin is counted. When pulses have been input, the contents of the down- 
counter are decremented synchronizing with the rising edge of the next system clock. 
The pulse’s rising edge or falling esge to be counted can be specified by the channel 
control word. | 

When the contents of the down-counter has reached zero, the high level pulse is 
output from the ZC/TO pin. When the interrupt is enabled by the channel control word, 
the INT pin goes low and an interrupt is requested. When the contents of the down- 
counter has reached zero, the time constant data written in the time constant register is 
automatically loaded into the down-counter. To load a new time constant value into the 
down-counter, write the data to the time constant register, and it is loaded into the 
down-counter after the current count operation is terminated. 


Timer mode 


In the timer mode, the time intervals which are integral multiples of the system clock 
period. A timer interval is measured according to the system clock. The system clock is 
supplied to the prescaler which divides it by a factor of 16 or 256. The output of the 
prescaler provides the clock to decrement the down-counter by 1. The time constant data 
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is automatically loaded into the down-counter each time it has reached zero as in the 
counter mode. When the contents of the down-counter has reached zero, the high level 
pulse is output from the ZC/TO pin. 


This pulse period is given by the following expression: 
te RFC 
Where,tc = System clock period 
P = Prescaler value (16 or 256) 
TC = Time constant data (256 for 00H) 


The user can select, by means of the channel control word, to start the timer 
automatically or to start the timer on the edge of the pulse at CLK/TRG pin. In case the 
user select the CLK/TRG pin, the user can also select the rising edge or falling edge of 
the pulse. 
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3.4 CTCSTATUS TRANSITION DIAGRAM AND BASIC TIMING 
3.4.1 Transition diagram 


Figure 3.3 shows the CTC status transition diagram. 


POWER ON 


NO 


; 
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CHANNEL 
DESIGNATION 


CHANNEL 
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INTERRUPT 
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TIME CONSTANT 
DATA 
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WRITE OF TIME 
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Figure 3.3(a) CTC Transition Diagram (a) 
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DOWN COUNTER 


TIME CONSTANT LOAD 
———_—_—________—_- 


DOWN COUNTER-1 
(DECREMENT) 


DOWN COUNTER 
a NO 


YES 


TIME CONSTANT LOAD 


Figure 3.3(b) CTC Transition Diagram (b) 
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3.4.2 Write cycle 


The write cycle is used to write a channel control word, an interrupt vector, or a time 
constant. The MPU drives the IORQ pin of the CTC low in the subsequent system clock 
cycle T2 to start the write cycle. 

It is required to make the M1 pin of the CTC high to indicate that the write cycle is 


on. | 
At the state of the cycle, the channel is specified by CS1 or CSO of the CTC. Thus, the 
CTC’s internal registers are ready to accept data in system clock T3. Tw is the state to 
be automatically inserted by the MPU. 
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Si Cane, GEOL aS RN 
TORO 
RD 
M1 


DATA INPUT | 


Figure 3.4 Write Timing 
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3.4.3 Read cycle 


The read cycle is used to read the contents of the down-counter. During clock cycle 
T2, the MPU initiates a read cycle by driving the RD and IORQ pins low. It is required 
to make the M1 pin high to indicate that the read cycle is on. At the start of the read 
cycle, the channel is specified by CS1 or CSO of the CTC. 

At the rising edge of system clock TW, the contents of the down-counter at the time of 
the rising edge of T2 are put on the data bus. TW is the wait state to be automatically 


inserted by the MPU. 
J 2 Tw T3 T1 
CSenCoucce | CHANNEL ADDRESS 
RO 
RD a. cn aa 
M1 
DATA OUTPUT 
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Figure 3.5 Read Timing 
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3.4.4 Counter mode 


In the counter mode, the down-counter is decremented synchronizing with the system 
clock, at the edge of the pulse applied from the external circuit connected to the 
CLK/TRG pin. The period of the pulse to be applied to the CLK/TRG pin must be 
greater than 2 times the system clock period. Also, it is required to insert the setup time 
between the active edge of the CLK/TRG pin signal and the rising edge of the succeeding 
system clock. When the interval between these pulses is short, the down-counter is 
decremented one system clock later. When the down-counter has reached zero, a high 
level pulse is output from the ZC/TO pin. 





CLK 
CLK/TRG 
INTERNAL a ZERO S 
COUNTER COUNT 
ZC/TO ‘ ie 
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Figure 3.6 Couner Mode Timing 
3.4.5 Timer mode 


The timer starts operating at the second rising edge of the system clock from the 
rising edge of the pulse applied from the external circuit connected to the CLK/TRG pin. 
The period of the pulse to be apllied to the CLK/TRG pin must be greater than 2 times 
the system clock period. Also, it is required to insert the setup time between the active 
edge of the CLK/TRG pin signal and the rising edge of the succeeding system clock. 
When the interval between these pulses is short, the timer starts one system clock cycle 


later. 
CLK 
CLK/TRG 
INTERNAL A TIMEROPERATIONSTART —t™ 
TIMER 100489 


Figure 3.7 Timer Mode Timing 
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3.4.6 Interrupt acknowledge cycle 


Having received the interrupt request signal (INT) from the CTC, the MPU drives the 
CTC’s M1 pin and IORQ pin low to provide the acknowledge signal. The IORQ pin goes 
low 2.5 system clocks later than the M1 pin. To stabilize the signal lines (IEI and IEO) 
in daisy chain connection, the interrupt request cannot be changed on each channel 
while the MI pin is low. The RD pin is held high to make distinction between the 
instruction fetch cycle and the interrupt acknowledge cycle. While the RD pin is high, 
the CTC’s interrupt control circuit determines the interrupt-requesting channel of 
highest priority. When the CTC’s IEI is high and the M1 pin and IORQ pin go low, the 
interrupt vector is output from the interrupt requesting channel of highest priority. At 
this time, 2 system clock cycles are automatically inserted by the MPU as a wait state 
maintain the stabilization of the daisy chain connection. 
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Figure 3.8 Interrupt Acknowledge Timing 


3.4.7 Return from interrupt processing 


Return from the interrupt processing is performed when the MPU executes the RETI 
instruction. This RETI instruction must be used at the end of the interrupt processing 
routine. When this instruction is executed by the MPU, the CTC’s IEI and IEO return to 
the active state brfore the interrupt has been serviced. 

The RETI instruction is a 2-byte instruction. Its code is EDH 4DH. The CTC decodes 
this instruction to check if there is the next interrupt request channel. 

In the daisy chain structure, the interrupting LSI’s IEJ and IEO are held high and low 
respectively at the time the instruction code EDH has been decoded. 

The code following EDH is 4DH, only the peripheral LSI which has sent the last 
interrupt vector (that is, the LSI whose IEI is high and IEO is low) returns from the 
interrupt processing. This restarts the proceseine of the suspended interrupt of the 
peripheral LSI of the next higher priority. 
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Figure 3.9 Interrupt Return Timing 
3.5 CTC OPERATIONAL PROCEDURE 


To operate the CTC in the counter mode or the timer mode, the channel control word 
and time-constant data must be written in the CTC. To enable interrupt by the channel 
control word, the interrupt vector must be written in the CTC. 


(1) Channel control word 


To write the channel control word in the CTC, the channel must be specified by the 
corresponding channel codes. Table 3.1 shows the channel codes. 


Table 3.1 Channel codes 


Input Terminal 


0 0 
0 1 
1 0 
1 1 


270289 






Channel 








The channel control word to be written in the CTC consists of 8 bits. The system data 
bus DO through D7 correspond to bit 0 through 7 respectively. Figure 3.10 shows the 
meaning of each bit. Table 3.2 shows the function of each bit. 





D7 


Do D5 D4 D3 D2 D1 DO 
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Figure 3.10 Channel Control Word 


For the channel control words, DO must always be 1. 
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Table 3.2. Meanings and Function of Channel Control Words (1/2) 


Meaning and function 


Disable channel interrupt Enables channel interrupt. In either counter or 
timer mode, the interupt is requested every 
time the down-counter has reached zero. 
When this bit is set to “1", the interupt vector 
must be written in the CTC before the down- 
counter starts. When the channel control word 
whose D7 bit is “1" is written in an already 
operating channel, the interrupt occurs only 
when the down-counter has reached zero for 
the first time after the writing of the new 
channel control word. 


Puts the channel in the timer mode. Puts the | Puts the channel in the counter mode. The 


trigger applied to the CLK/TRG pin. In the 
counter mode, the prescaler is not used. 


Used only in the timer mode. The timer 


after a time constant is loaded onto the down- 
counter. 

When atime lag between the system clock and 
trigger pulse satisfies a setup time, the 
prescaler starts to operate from the second 
leading edge of the trigger pulse. If a time lag 
between the system clock and trigger pulse 
does not satisfy the setup time, the prescaler 
starts to operate at the leading edge of the 
trigger pulse after 3 system clocks. If the 
trigger pulse is input before loading of a time 
constant, the operation is the same as that 
when Bit 3 =0. 
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Figure 3.2. Meanings and Function of Channel Control Words (2/2) 


Meaning and function 


This bit (0) indicates that there is no time 
constant written after channel control word. 
However, when the channel is in the reset state 
and this bit cannot be changed to “0” in the 
channel control word which is given first after 
the channel reset. To change other state 
without changing a time constant, input a 
channel control word with this bit changed to 
0. 


Continues the current channel operation. 


This bit (1) indicates that there is a time 
constant written immediately after a channel 
control word. If a time constant is written 
while the downcounter is operating a new time 
constant is set in the time constant register. 
The counting which is in progress is carried out 
continuously when the downcounter becomes 
zero and a new time constant is loaded onto 
the downcouner. 


Stops the down-counter operation. 
When this bit is set to “1%, the channel 











operation stops but all the channel control 
register bits remain unchanged. When bit 
2="1" and bit 1="1", the channel operation 
remains stopped until a new time constant is 
written. The channel is set up after the new 
time constant is programmed. The channel is 
restarted according to the state of bit 3. When 
bit 2="0" and bit 1="1", the channel 
operation does not start until a new channel 
control word is written. 
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(2) Time-constant data 


In either the time mode or the counter mode, the time-constant data must be loaded 
into the time constant register. When bit 2 (D2) of the channel control word is “1”, the 
time constant is loaded into the time constant register immediately after the channel 
control word is written. A time constant value must be an integer in a range of 1 to 256. 
When the 8 bits of a time constant are all “0’s, such a time constant is assumed to be 
256. Figure 3.11 shows the bit configuration of time-constant data. 


EAL 


TC7 TCO TCS TC4 TC3 TC2 TC1 TCO 
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Figure 3.11 Time-Constant Data 
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(3) Interrupt Vector 


In interrupt in the MPU mode-2, the interrupting channel must give an interrupt 
vector to the MPU. An interrupt vector is written in the channel-0 interrupt vector 
register with bit 0 (D0) =“0”. The vector is written in the same way as the channel 
control word is written on channel 0. However, bit 0 (DO) of the vector should always be 
“0”, Bit 7 (D7) thrutgh bit 3 (D3) are user-defined values. Bit 2 (D2) and bit 1 (D1) are 
automatically given and contain the code of the interrupt-requesting channel having the 
highest priority. Table 3.3 shows the channel codes. Figure 3.12 shows the interrupt 
vector bit configuration. 


Table 3.3 Channel Codes 


Bit 2 (D2) Bit 1 (D1) number 
0 0 0 
1 0 2 
1 1 3 


| a Fix to “0” 
Channel codes 


Interrupt vector given by user 










channel 











t (high) 


Priority 
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Figure 3.12 Interrupt Vector 
3.6 USING CTC 
(1) Counter mode 


The following describes how to use the CTC by referring to a program using channel 0 
with interrupt disabled. 


(a) Thecounter programming procedure is shown in Figure 3.13. 


START 


LOAD OF CHANNEL 
CONTROL WORD 


LOAD OF TIME 
CONSTANT 





END 
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Figure 3.13 Counter Programming Procedure 
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(b) The block diagram for converting the 100kHz system clock into the 10kHz 
equivalent is shown in Figure 3.14. 


CHANNEL O 


TIME CONSTANT 
PRESCALER REGISTER 


A TIME CONSTANT IS LOADED EVERY TIME 
WHEN THE DOWNCOUNTER COUNTS ZERO 


! 
! 
Y 
DOWNCOUNTER 


CLK /TRGO (100kH7z) 
INPUT 





OUTPUT ZC/ TOO (10kHz) 
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Figure 3.14 Down-Counter Block Diagram 
(c) Thechannel control word configuration is shown in Figure 3.15. 
D7 D6 D5 D4 D3 D2 D1 DO 





INTERRUPT NOT USED NOT USED CHANNEL 
DISABLE STOP 
COUNTER -1ATTHE SETTING OF CHANNEL 
MODE RISING EDGE OF TIME CONSTANT CONTROL WORD 
CLK/TRG tac ane 


Figure 3.15 Channel Control Word Configuration 


(2) Timer mode 


(a) The timer programming procedure with interrupt disabled is shown in Figure 3.16 


START 
LOAD OF CHANNEL 
CONTROL WORD 





TIME CONSTANT 
LOAD 


END 
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Figure 3.16 Timer Programing Procedure 
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(b) 


equivalent is shown in Figure 3.17. 


CHANNEL 1 


PRESCALER 








SYSTEM CLOCK (4MHz) 
INPUT 


16-DIVIDE 


(250kHz) 


DOWN COUNTER 


TMPZ84C30A 


The block diagram for converting the 4MHz system clock into the 1 kHz 


TIME CONSTANT 
REGISTER 


250 


“A TIME CONSTANT IS LOADED EVERY TIME 
WH EN THE DOWNCOUNTER COUNTS ZERO. 


Y 






OUTPUT ZC /TO1 (1kHz) 
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Figure 3.17 Timer Block Diagram 


(c) 


D7 D6 DS D4 


Lee! 


The channel control word is shown in Figure 3.18. 


D3 D2 D1 DO 


INTERRUPT PRESCALER TIMER CHANNEL 
DISABLE VALUE (16) START STOP 
TIMER START THE TIMER SETTING OF CHANNEL 
MODE OPERATION AT THE TIME CONSTANT CONTROL 
FALLING EDGE OF THE WORD 


CLK/TRG 
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Figure 3.18 Channel Control Word 
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4. ELECTRICAL CHARACTERISTICS 
4.1 ABSOLUTE MAXIMUM RATINGS 


po Power Dissipation (6MHz VERSION : TA = 85°C) 
(8MHz VERSION : TA = 70°C) 


6MHz VERSION -40 to 85 oC 
8MHz VERSION - 10 to 70 
















Operating Temperature 
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4.2 DCELECTRICAL CHARACTERISTICS 


6MHz VERSION : Ta=-—40°C~85°C, Vec=5V £10%, Vgs=0V 
8MHz VERSION : Ta=-—10°C~70°C, Voc =5V £5%, Veg=0V 


SYMBOL PARAMETER TEST CONDITION UNIT: 


Low Clock Input 

VILC -0.3 V 
Voltage 
High Clock Input 

VIHC Vcc -—0.6 Vcc +0.3 V 
Voltage 


High input Voltage 
vn (Except CLK) 
vol floL=20ma 
ILI 
ILO 

















VOHT [outputhigh Vakage I) [IOH= - 1.6mA 
VOH2 [output igh Votege (iI) _|IOH = ~ 250uA vee-08 
Input Leak Current VssS VINS Vcc 


Ta a ea! 
3-state Output Leakage | Vss +0.4S VOUTS Vcc 

uo lectreat | 

lIOHD* —1.5- 
Current, (2) Applied to ZC / TOO~ZC/TO2 

Vcc =5V 

fCLK = (1) 

VIH = VIHC 

=Vcc-0.2V 


VIL=VILC=0.2V 


eer ae 
: TVec=08 
















Power Suuply Current 


Standby Supply Current 


Note: (1) fo,K=1/TcC (MIN.) 050489 
(2) Applied to ZC /TOO, ZC /TO1 and ZC /TO2. 
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4.3. ACELECTRICAL CHARACTERISTICS 


6MHz VERSION : Topr=—40°C~85°C, Vec=5V 410%, Vgs=0V 
8MHz VERSION : Ta=-—10°C~70°C, Voc=5V £5%, Vgg=0V 


SYMBOL PARAMETER ~ (6MH2) (6MHz) 


[re eerie es ve se 
Ca [rea ews——w[e| 8 Do 

cecktingtine f= 
loeerangtine Sd 
a 


slo(c) [setup time up to TORQ fall for clock 
rise 
sRD (C) ies time up to RD fall for clock 


dc (DO) | Delay from clock rise to data output 


dc (DOZ) rate from IORQ, RD rise to data 


TsDI (C) Data input set-up time for clock rise L 
TsM1(C) |M1set-up time for clock rise 0 | - | 


Delay from M1 fall to IEO fall 

(in case of generating only 
interruption immediately before M1 
cycle) 













7 


10 


+ 


cre 





2 
13 


14 


TdM1 
(IEO) 


ut 





TdlO Delay from IORQ fall to data output 
(DOI) (INTA cycle) 

TdlEl 

(IEOF) Delay from IEI fall to IEO fall 

TdlEl Delay from IEI rise to [EO rise 

(IEOr) (after ED decode) 


9 | TdC(INT) |Delay from clock rise to INT fall 


20 | TdCLK 
(INT) 






Delay from CLK/TRG rise to INT fall 
(Counter mode) 

tsCTR (C) Satisfied 

tsCTR (C) not Satisfied 













(19) + (26) 
(1) + (19) 
+ (26) 


(19) + (26) 
(1) + (19) 
+ (26) 


— = =3 = & ees —s 
ee) N oy ea ££ Ww 
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oe |r| CLK /TRG ICLK/TRGrisingtime time 


TfCTR CLK/ TRG falling time 
TwCTRI |Low CLK/TRG pulse width 
TwCTRh — |High CLK/TRG pulse width 


Set-up time up to CLK/TRG rise for 
26 TsCTR (Cs) |clock rise requiring immediate count 

(counter mode) 

Set-up time up to CLK/TRG rise for 
27. | TsCTR (Ct) clock rise requiring immediate start 

of prescaler 

(timer mode) 


TdC , ' 
(ZC /TOr) Delay from clock rise to ZC/TO rise 
29 ice Delay from clock fall to ZC/TO fall 
(ZC / TOF) 


Notel: AC test condition 

VIH =2.4V, VIHC=Vcc-0.6V, VIL=0.4V, VOH =2.2V, VOL=0.8V CL=100pF 
Note2: Ifthe daisy chain is at N stage, 

2.5TcC > (N-2) TdIEI IEOf) + TdM1 (IEO) + TsIEI+ TTL buffer delay must be satisfied. 
Note 3: (1): Tec, (19) : Tde (NT), (26) : TsCTR (Cs) 


44 CAPACITANCE 
TA =25°C 


SYMBOL ITEM TEST CONDITION UNIT 
CCLOCK | Clock Input Capacitance | f = 1MHz ee 
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Poin |  eCanaak All terminals except 
delaras aeons that to be measured 
COUT Output Capacitance should be earthed. 





050489 


MPUZ80-219 











TOSHIBA TMPZ84C30A 


4.5. AC TIMING CHARTS 


® 


ARI] 
= | acer] 





ae an 
IORQ 
(9)—> —> 
RD f 
| eet 
DATA i 
@—sT 


a 

Co ee 

: [| or 

a [>= yo 
IOR 

i. eet 


Write 


ae 6 
Acknow- (15) I 9) 
si - Me 


_ pee 
INT 
CLK / TROo.3 Om . @) 


(COUNTER 
MODE) <() @Q— Ga) 8) 
CLK /TROo.3 
(TIMER 
MODE) oo a 
ZC/TOo.3 


Figure 4.1 Timing Diagram 


050489 


MPUZ80-220 


TOSHIBA 






TMPZ84C30A 
5. PACKAGE DIMENSION 
5.1 DIPPACKAGE 
DIP28-P-600 
Unit : mm 
28 15 s 
z 
st 
1 14 
| 37.0202 | 
: 
< m 
Zz ° 
S re 
1.99TYP 2.54 
270289 


Note 1: This dimension is measured at the center of bending points of leads. 
Note 2: Each lead pitch is 2.54mm, and all the leads are located within +0.25mm from their 
theoretical positions with respect to No.1 and No.28 leads. 
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5.2 SOP PACKAGE 
SOP28-P-450 


Unit: mm 


18.540.2 
















11.8+0.3 
(450mil) 


270289 


Note: Package Width and length do not include Mold Protrusions. 
Allowable Mold Protrusion is 0.15mm. 
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5.3 44-PIN PLCC PACKAGE 
QFJ44-P-S650 


17.52 40.2 





16.6 +0.2 


DB 
oO 
+1 
bea 
to 
= 





4.32+0.2 





15.76 40.2 


0.71 +0.1 


MPUZ80-223 


17.52 40.2 


TMPZ84C30A 


Unit: mm 







15.76 £0.2 


in 
—= 
oOo 
+ | 
By 
Oo 
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TOSHIBA TMPZ84C40A/41 A/A2A/43A/44A 


TMPZ84C40AP-6 / 41AP-6 / 42AP-6 / 43AF-6 / 44AT-6 
TMPZ84C40AM-6 / 41AM-6 / 42AM-6 
TMPZ84C40AP-8 / 41AP-8 / 42AP-8 


TLCS-Z80 SIO: SERIAL INPUT/OUTPUT CONTROLLER 


1. GENERAL DESCRIPTION AND FEATURES 


The TMPZ84C40A (SIO/0), TMPZ84C41A (SIO/1), TMPZ84C42A (SIO/2), 
TMPZ84C43A, (hereinafter referred to as SIO) are CMOS version of Z80 SIO and have 
been designed to provide low power operation. 

SIOs are designed for the adaptation to the various serial data communications which 


are needed to the microcomputer system. 

SIOs are able to handle the asynchronous signal, the synchronous byte unit protocol 
and the synchronous bit unit protocol like HDLC and SDLC. 

SIOs are fabricated using Toshiba’s CMOS Silicon Gate Technology. 

The principal functions and features of the S1Os are as follows. 


(1) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 
(8) 


(9) 


(10) 


(11) 


Note: 


Compatible with the Zilog Z80 SIO. 

Compatible with the CCITT-X.25.. 

Compatible with the HDLC/SDLC. 

Data transfer rate up to 800K bit/Sec. 

2 independent full-duplex channels can be used. 
Built-in CRC generation and checking function. 
On chip daisy-chain structure interrupt circuit. 
Low power consumption 


4mA Typ. (@5V @6MHz)--- TMPZ84C40/41/42AP-6, TMPZ84C40/41/42AM-6, 
TMPZ84C43AF-6, TMPZ84C44AT-6 


Single power supply: 5V+10% (6MHz VERSION), 
5V45% (8MHz VERSION) 


Extended operating temperature: —40°C to 85°C (6MHz VERSION), 
— 10°C to 70°C (83MHz VERSION) 


40 pin DIP package, 40 pin SOP package, 44 pin Mini Flat package, 44 pin PLCC 
package. 


Z80 is a trademark of Zilog Inc., U.S.A. 
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2. PIN CONNECTIONS AND PIN FUNCTIONS 
The pin connections, pin functions and functions of SIOs are described in this chapter. 
2.1.1 Pin connections (DIP, SOP) 


The pin connections of the SIOs are as shown in Figure 2.1, Figure 2.3, and Figure2.5. 





D1 D1 

D3 D3 

D5 D5 

D7 D7 

INT INT 

IE| IEl 

IEO IEO 
M1 M1 
Vcc Vec 
W/RDYA W/RDYA 
SYNCA SYNCA 
RXDA RXDA 
RXCA RXCA 
TXCA TXCA 
TXDA TXDA 
DTRA DTRA 
RTSA RTSA 
CTSA CTSA 
DCDA DCDA 
CLK CLK 





(a) SIO/0 (b) SIO/ 1 


Figure 2.1 Pin Connections of | 
TMPZ84C40A/41A/42A (Top View) 
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(c) SIO/2 
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However, it is necessary to choose the terminals in accordance with the purposes, 
because they are limited in number. The differences in SIO/0, SIO/1 and SIO/2 are 
shown in Figure 2.2 (a) SIOs version diagram. 





SYNCB SYNCB RXDB 
RXDB RXDB RXCB 
RXTXCB RXCB TXCB 
TXDB TXCB TXDB 
DTRB TXDB DTRB 
(a) SIO/0 (b) SIO/1 (c) SIO/2- 
100489 


Figure 2.2 (a) SlOs Version (40-pin DIP, 40-pin SOP) — 


2.1.2 Pin connections (Mini Flat package) 
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38 TMPZ84C43A ie VSS 
*ICV [CUI] 39 17 fT] xicy 
SYNCA [-—LT 40 16,11] WrRbysB 
RXDA [CLT a1 15-Lt J Synce 
RXCA [C_IT a2 14,11] pxpp 
TXCA ClIIT 43 13 Ltt oRxcep 
TXDA (CUI a4 12};41-] Txcp 
123 45 67 8 9 1011 
TOOODOD Oooo 
NOOO OE ae 
Lilt itdq Vj wm jm 1mm om 
CIMNIMIO oulwlig ln ilmwie a 
ElFIF JO UlMmJO le lEIF & 
OAjimiVUla mio} ie fa be 
oc 100489 





Notel: NC must be used at open condition. 
Note2: *ICV must be used at open condition or connected with VCC. 


Figure 2.3. Pin Connections of TMPZ84C43A (Top View) 
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2.1.3 How to use TMPZ84C43A as SIO/0 or SIO/1 or SIO/2. 


The Figure 2.4 shows six terminals to define TMPZ84C43A as SIO/0 or SIO/1 or 
SIO/2. 


RD 
VSS 
*ICV 



































W/RDYB 
— FNC 
>” RXDB 
> RXCB 
TXCB 
6 
: 7 8 
a tL} CJ 
: IL 
| : 
a wal om lo {jm 
U |e Q nn a ay |» 
x tu oO | Uk je ja mw 
ar oc x< aAlalu ia wid lu le |e a 
= a re xX 
Or 
(a) $10/0 (b) SIO/1 (c) S10/2 100489 


Figure 2.4 How to Use TMPZ84C43A as SIO/0 or S!IO/1 or SIO/2 


2.1.4 Pin connections (PLCC) 


6 5 43 2 1 44 43 42 41 40 
IE | 


























IEO 
Mi 
VCC 
W/RDYA 
SYNCA TMPZ84C44AT 
RXDA 
RXCA 
TXCA 
TXDA 
NC 
18 19 2021 22 23 24 25 26 27 28 
{et [et [ft Y [Fr [a Jam Im Ja YU 
CIM |NjJO os JW OM 1M joe 2 
a le jo la” a O Ie 1a 
cc 
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Note 1: NC must be used at open condition. 


Figure 2.5 Pin Connections of TMPZ84C44A (Top View) 
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2.1.5 How to Use TMPZ84C44A as SIO/0 or SIO/1 or SIO/2. 


The Figure 2.6 shows six terminals to define TMPZ84C44A as SIO/0 or SIO/1 or 
SIO/2. 
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Figure 2.6 How to Use TMPZ84C44A as SIO/0 or SIO/1 or SIO/2 
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2.2 PINNAMES AND FUNCTIONS 
Table 2.2 Pin Names and Functions (1/2) 


Number |Input/Output 
Pin Name SF Din Bite Function 
1/O Rade ara ; 
DO~D7 8-bit bidirectional data bus. 
3-state 


Interrupt request signal. 
INT Output | This is used, in case SIOs request MPU the interrupt. Wired OR 
connection is sles (because of the open drain). 


Interrupt enable output signal. 
IEO 1 Gureut [El and IEO are used for the daisy-chain structure. When IEI terminal 
P is “1” and IEO terminal is “0”, the SIO is being serviced by a MPU 
interrupt service routine. 
i 
W/RDYA 
WRDYB 2 Output 
SIO become active on “0”, when pins are programmed as “READY” 
and ready to receive the data character for DMA. 
Synchronous signal. 
In case of the asynchronous receive mode, These pins become the 
SYNCA same input terminals as CTS and DCD. 

*SYNCB In case of the external synchronous mode, pins become the input 
terminals and in case of the internal synchronous mode, become the 
output terminals. 

RxDA 
Receive clock signal. 
RxCA «9 (anak In asynchronous mode, pins can choose the receive clocks which are 
*RxCB P 1, 16, 32 and 64 times as large as the data transfer rate according to 
the program. 


TxDA : 
Output Serial transmit data 


DIRA Data terminal ready signal. 
*DTRB 2 Output These pins output the possibility or impossibility of the serial data 
receive. 
RTSA 3 Outour Transmit request signal. (Request to send) 
RTSB P In serial data transmit, become “0”. 

















Machine cycle 1. _— 
When the both of M1 and IORQ are “O”, it is the interrupt 
acknowledge eycle by a MPU to the SIO’s interrupt request. 












Wait/ready signal A, wait/ready signal B. 

These can be used as wait signal or ready signal according to SIOs- 
programming. 

SIO becomes active on “0”, when pins are programmed as “WAIT” 
and are not ready to receive the data for MPU. 
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Table 2.2 Pin Names and Functions (2/2) | 
Pin Name niece eee Function 
of Pin 3-state 
CISA Transmittable signal. (Clear to send) 
CTSB 2 Output When terminals are “0”, SIOs can receive the serial data transmit of 
the modem which has sent these signals. 

DCDA 5 ai 7 Data carrier detect signal. | 
DCDB P When terminals are “0”, SIOs can enable the serial data transmit. 


















Signal-phase clock input. 
Inputs Z80 standard system clock of single-phase. When CLK 
terminal is DC state (“1" or “0"), SIOs are in stationary state. 










I/O request signal . 

In case both of IORQ and CE are “0", the data or command are 
transferred between MPU and SIO by the combination of B/A and 
C/D. 













Chip enable signal. 


CE | ; 
ae When input becomes "0", SIOs are enabled. 

=~ Channel select signal 

B/A 
; Selects the channel (A/B) 

= Command/data select signal. 

c/D Input 
Selects the command and data. 


Read signal. 

In case both of CE and IORQ are “0”, if RD is “0”, this pin performs 
the read operation and if RD is “1”, this pin performs the write 
operation. 


Input 


Reset signal. 
lf RESET is turned into “0”, the receiver and transmitter become 
disabled and the serial data become the mark state. 


Bonding terminal of TxCB and RxCB. 


100489 
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Note: The asterisk (*) mark is difference in accordance with the three versions (SIO/0, SIO/1, 
SIO/2). 
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3. FUNCTIONAL DESCRIPTION 
3.1 BLOCK DIAGRAM 
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Figure 3.1 Block Diagram 
3.2 SYSTEM CONFIGURATION 
3.2.1 Architecture 


As shown in Figure 3.1, the SIO is composed of MPU bus interface, the internal 
control circuit, the interrupt control circuit and two full-duplex channels which operate 
independently. Each channel has the read register, the write register and the external 
control circuit which is connected to the peripheral LSI or the external device. 

Table 3.1 shows the registers in the SIO and their functions. Each channel has eight 
write registers and three read registers. Refer to 3.4 SIO programming for details. 


(1) Communication data path 


Figure 3.2 shows the communication path of the transmit/receive data of each 
channel. 


@® Receiving 


The receiver has an 8-bit receive shift register and a 3-stage 8-bit buffer register 
in FIFO configuration. This saves time in high-speed data block transfers. The 
receivers also have the receive error FIFO which holds the status information such 
as parity and framing errors. 

The receive data follow different paths according to the operation mode and 
character length as shown in Figure 3.2. 
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Table 3.1 (a) Write Registers 


Write register 0 (WRO) | Resets CRC. Sets pointers of registers, and commands 













Write register 7 (WR7) | Sets the sync character or the SDLC flag. 
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Table 3.1 (b) Read Registers 


Read register 0 (RRO) | Indicates the receive/transmit buffer state and the pin state. 
Read register 1 (RR1) | Indicates the error status and the end-of-frame code. 
Read register 2 (RR2) Indicates the interrupt vector contents. (Channel B only) 
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| in 1/0 


|/O data buffer 













Internal data bus. 
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Figure 3.2 Transfer Data path (Channel A) 
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@ Asynchronous mode 


In the asynchronous mode, the receive data enters the 3-bit buffer if the 
character length is 7 or 8 bits or the 8-bit receive shift register if the character 
length is 5 or 6 bits. 


e Synchronous mode 


In the synchronous mode, the data path depends on the receive processing phase 
at the time. 





MPUZ80-233 





TOSHIBA | TMPZ84C40A/41A/42A/43A/44A 


(2) 


The receiver operation starts from the hunt phase. In this mode, the receiver 
searches the receiver data for the bit pattern which matches the specified sync 
character. If the SIO is set in the monosync mode, the receiver searches for the bit 
pattern which matches the sync character set in WR7; if the SIO is set in the bisync 
mode, the receiver searches for the bit pattern which matches two consecutive sync 
characters set in WR6 and WR7. When synchronization has been established, the 
subsequent data enter the 3-bit buffer by bypassing the sync register. 


® SDLC mode 


In the SDLC mode, the sync register constantly monitors the receive data 
performing zero deletion as required. When the sync register detects 5 “1” s 
consecutively in the receive data, the following bit is deleted if itis “O”. Ifitis “1”, 
the bit that follows is checked. If it is “O”, it is assumed as a flag, if it is “1”, it is 
assumed an abort sequence (7 consecutive “1”s). 

The reformatted data are put in the receive shift register via the 3-bit buffer. 
When synchronization has been established, the subsequent data follow the same 
path regardless of the character length. 


@ Transmission 


The transmitter has an 8-bit transmit data register and a 20-bit transmit shift 
register. The 20-bit transmit shift register holds the data from the WR6, WR7, and 
. transmit data register. 


® Asynchronous mode 


In the asynchronous mode, the data in the 20-bit transmit shift register are 
added with the start and stop bits to be sent to the transmit multiplexer. 


e Synchronous mode 


In the synchronous mode, the WR6 and WR7 hold the sync character. The 
contents of these registers are sent to the 20-bit transmit register as the sync 
character at the transmission of data blocks or as the idle sync character if a 
transmitter underrun occurs in data block transmission. 


e SDLC mode 


In the SDLC mode, the WR6 holds the station address and the WR7 holds the 
flag. The flag (WR7) is sent to the 20-bit transmit register at the start and end of 
each frame. For each of the other data fields, one “0” follows five consecutive “1”s. 


I/O functions 


To transfer data from/to the MPU, the SIO must be set in the polling, interrupt, or 
block transfer mode. 
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e Polling 


To operate the SIO in the polling mode, all interrupts mode must be disabled. In 
the polling mode, the MPU reads the status bit DO and D2 in each channel’s RRO to 
check for reception or transmission. 


e Interrupts 


There are 3 types of SIO interrupt: transmit interrupt, receive interrupt, and 
external/status interrupt. These interrupts can be enabled by program. The 
receive interrput is further divided into the following three: 


e Interrupt on the first received character 


e Interrupt on all received characters 





e Interrupt on special receive conditions 


Higher priority is given to channel A than channel B. On the same channel, 
higher priority is given to reception, transmission, and external/status in this 
order. 

The SIO provides the daisy-chained interrupt priority control feature and the 
interrupt vector generating feature. Further, it provides the “status affected 
vector” feature. This feature outputs 4 interrupts depending on the interrupt 
source. 


e Block transfer 


The SIO has the block transfer mode to adapt to the MPU’s block transfer and 
the DMA controller. For block transfer, the W/RDY line is used. For the MPU’s 
block transfer, this line is used as the wait line; for the DMA block transfer, it is 
used as the ready line. The SIO’s ready output indicates to the DMA controller 
that the data is ready to transfer. The SIO’s wait output indicates to the MPU that 
the SIO is not ready for data transfer and therefore requesting the extension of the 
output cycle. 


3.2.2 SIO basic operations 
(1) Asynchronous mode 


For data transfer in the asynchronous mode, the character length, clock rate, and 
interrupt mode must be set. These parameters are written in the write registers. Note 
that WR4 must be set before the other registers are set. | 

Data transfer does not start until the transmit eneble bit is set. When the auto enable 
bit is set, the SIO starts transmission upon the CTS pin’s going “0”, allowing the 
programmer to send a message to the SIO without waiting for the CTS signal. Figure 
3.3 shows the data format of the asynchronous mode. 
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se ea Sas eh letra ess 
TOON: Mater 02 3g pO 7 J Marking 
Start bit Parity bit Stop bit 
Message direction 
100489 
Figure 3.3. Data Format of Asynchronous Mode 
Transmission 


Serial data are output from the TxD pin. Its transfer clock rate can be set to one 
of 1, 1/16, 1/32, and 1/64 times the clock rate to be supplied to the transmit clock 
input (TxC). The serial data are output on the falling edge of TxC. 


Reception 


The receive operation in the asynchronous mode starts when the receive enable 
bit (DO of WR38) is set. When the receive data input RxD is set to “O” for the 
duration of at least 1/2 bit time, the SIO interprets it as the start bit, sampling the 
input data at the middle of the bit time. The sampling is performed on the rising 


edge of the RxC signal. 


When the receiver receives the data whose character length is not 8 bits, it 
converts the data into the one composed of the necessary bits, the parity bit and the 
unused bit set to “1”. 


Example : a 6-bit character “| 4 |p |p5}p4]p3 }p2|p1 | Do |“ 


When the external/status interrupt is enabled and a break state is detected in 
the receive data, the interrupt is generated and the break/abort status bit (D7 of 
RRO) is set and the SIO monitors the transmit data until the break state is cleared. 
The interrupt is also generated when the DCD signal is in the inactive state for 
more than the specified pulse width. The DCD status bit is set to “1”. 

In the polling mode, the MPU must refer the receive character valid bit (DO of 
RRO) to read the data. This bit is automatically reset when the receive buffer is 
read. In the polling mode, the transmit buffer status must be checked before 
writing data in the transmitter to avoid overwwrite. 


Synchronous mode 


There are 3 kinds of character synchronization: monosync, bisync, and external sync. 
In each of these synchronous modes, the times 1 clock rate is used for both transmission 
and reception. The receive data is sampled on the rising edge of the receive clock input 
(RxC). 

The transmit data changes on the falling edge of the transmit clock input. 
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Data field 





Monosynchronous mode 
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Figure 3.4 Data Format of Synchronous Mode 


©  Monosync 


In this mode, synchronization is established when a match with the sync 
character (8 bits) set to WR7 is found, enabling data transfer. 


2  Bisyne 


In this mode, synchronization is established when a match with 2 consecutive 
sync characters set to WR6 and WR7 is found, enabling data transfer. In this mode 
as well as the monosync mode SYNC is active during the receive clock period in - 
which the sync character is being detected. 


@) External sync 


In this mode, synchronization is performed externally. When synchronization is 
established, it is indicated by the SYNC pin. The SYNC input must be kept to “0” 
until the character synchronization is lost. Character assembly starts from the 
rising edge of the RxC after the falling of the SYNC. 

After reset, the SIO enters the hunt phase to search for the sync character. If 
synchronization is lost, the SIO sets the enter-hunt-phase-bit (D4 of WR3) to 
reenter the hunt phase. | 


e Transmission 
a. Data transfer using interrupt 


When the transmit interrupt is enabled, the interrupt is caused upon the 
transmit buffer’s being emptied. For the interrupt processing, other data are 
written in the transmitter. If these data are not ready for some reason, the 
transmit underrun condition occurs. 
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Bisyne mode 


In the bisync mode, if the transmitter runs out of data during transmission, 
supply characters are inserted. This is done in two methods. In one method, 
sync characters are inserted. In the other, characters generated so far are 
transmitted followed by sync characters. Either of these methods can be 
selected by the reset transmit underrun/EOM command in WRO. 


. End of transmission 


Break can be performed by setting bit D4 of WR5. When break is performed, 
the data in the transmit buffer and the shift register are lost. When the 
external/status interrupt is enabled, the SIO generates the interrupt depending 
on the transmitter state and outputs the vector. This mode can be used for block 
transfer. 


Reception 


a. 


Interrupt on the first received character 


This mode is used for ordinary block transfer. In this mode, the SIO 
generates the interrupt only for the first character; subsequently, it does not 
generate the interrupt unless special receive conditions are satisfied. 

To initialize these settings, command 4 of WRO (to be enabled by the next 
receive interrupt) must be set in advance. 


. Interrupt on all received characters 


In this mode, the SIO generates the interrupt for all characters coming into 
the receive buffer. When the status affect vector has been set, a special vector is 
generated on a special receive condition. 


Special receive condition interrupt 


This interrupt occurs when any of the above interrupts is selected. The 
special receive conditions include parity error, receive overrun error, framing 
error, and end-of-frame (SDLC). These error status bits are latched, so that 
they must be reset after they are read. 

They can be reset by command 6 of WR6 (error reset). 


SDLC mode 


The SIO supports both the SDLC and HDLC protocols. They resemble each other, so 
that only the SDLC mode is explained here. 

Figure 3.5 shows the data format in the SDLC mode. In the SDLC mode, one data 
block is called a frame and the message in it is put between the open flag and the close 
flag. The address field in the frame contains the address of a secondary station. 
Checking this address, the SIO receives or ignores the frame. 
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Figure 3.5 Data Format in SDLC Mode 
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e Transmission 


a. 


Data transfer using interrupt 


When the transmit interrupt has been set, the interrupt occurs each time the 
transmit buffer becomes empty. In the SDLC mode, data are sent to the SIO by 
this interrupt. 


. Data transfer using wait/ready 


The wait function in the wait/ready capability is used to make the MPU 
extend the output cycle when the SIO’s transmit buffer is not empty. The ready 
function indicates to the DMA that the SIO’s transmit buffer is empty and 
therefore ready to receive data. If no data has been written in the transmit shift 
register before transmission, the SIO goes in the underrun state. This 
capability permits data transfer to the SIO. 


. Transmit underrun/EOM 


The SIO automatically ends the SDLC frame if there is no data to be 
transmitted to the transmit data buffer. To implement this, the SIO sends a 2- 
byte CRC when there is no data to send, then the SIO transmits one or more 
flags. After reset, the transmit underrun/ EOM status bit is set to prevent the 
CRC character from being inserted when there is no data to be sent. Using this 
function, the SIO starts frame transmission. Here, the transmit underrun/EOM 
reset command must be set in advance between the transmission of the first 
data and the data end. Thus, the SIO goes in the reset state at the end of each 
message with the CRC character being sent automatically. 


. CRC generation 


For CRC calculation, the CRC generator must be reset before transmission 
(bits D6 and D7 of WRO). CRC calculation starts when the address field is 
written in the SIO (WR6). 

The transmit CRC enable bit (D0 of WR5) must be set before the address field 
is written. 
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End of transmission 


When the transmitter is disabled during transmission, the data currently 
transmitted is all transmitted to its end. The subsequent data is put in the 
marking state. When the transmitter is disabled, characters remain in the 
buffer. However, the abort sequence is made active when the abort command is 
written in the command register, deleting all data. 


e Reception 


As in the transmit mode, several parameters must be preset in the receive 


‘mode. The address field is written in WR7 and the flag character in WR7. 
Receiving the open flag, the receiver compares the contents of the following 
address field with the address set in WR6 or the global address (“1111 1111”). If 
the contents of the address field in frame matches either of these address, the SIO 
starts reception. 


a. 


Interrupt on the first received character 


This mode is generally used for the block transfer using the wait/ready 
capability. In this mode, the SIO generates the interrupt only on the first 
character. The stauts flag of this interrupt is latched, so that command 4 (to be 
enabled by the next received character) of WRO must be preset for re- 
initialization. When the external/status interrupt is set, an interrupt occurs 
every time the DCD changes. This interrupt also occurs when the special 
receive condition is satisfied. 


. Interrupt on all received characters 


In this mode, the SIO generates an interrupt on all received characters. 
When the status affect vector has been set, the SIO generates a special vector on 
the special receive condition interrupt. 


. Special receive condition interrupt 


Using the special receive condition, the interrupt on the first received 
character or the interrupt on all received characters must be selected in. 
advance. The receive overrun status of the special receive condition interrupt is 
latched. The status bit can be reset by the error reset command (WRO 
command). 
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CRC check 


The receive CRC check is reset when the open flag at the head of a frame is 
received. CRC calculation is performed on the subsequent characters up to the 
close flag. In the SDLC mode, the transmit CRC is inverted, so that a special 
check sequence is used. The check must end with “0001 1101 00001111”. Since 
SIO handles the CRC character as a data, the MPU must discard it after reading 
it. 


. End of transmission 


When the SIO receives the close flag, the end-of-frame-bit is set to indicate 
that the close flag has been received. When the status affect vector has been set, 
the special receive condition interrupt occurs and the interrupt vector is output. 
Any frame can be aborted by abort transmission. When the external/status 
interrupt has been set, the interrupt occurs and the break/abort bit in RRO is 
set. 
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3.3. SIOSTATUS TRANSITION DIAGRAM AND BASIC TIMING 
3.3.1 Status transition diagram 


Figure 3.6 shows the SIO status transition diagram. 
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Figure 3.6 (c) State Transition Diagram 
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Figure 3.6 (d) SIO Status Transition Diagram 
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Figure 3.6 (e) State Transition Diagram 


MPUZ80-245 


TOSHIBA | TMPZ84C40A/41 A/42A/43A/44A 


3.3.2 Basic timing 


Figure 3.7 shows the timing in which data or a command is written from the MPU to 
the SIO. Figure 3.8 shows the timing in which data is read from the SIO to the MPU. 
Figure 3.9 shows the interrupt acknowledge timing in which the MPU gives an 
interrupt response to the SIO’s interrupt request to set the IORQ pin to “0” several © 
clocks after setting the M1 pin to “0” as the acknowledge signal. To maintain the 
interrupt serviced state in daisy chain structure, the interrupt request state cannot be 
changed while M1 is active. 

Figure 3.10 shows the timing in which the return from interrupt is performed. 

Figure 3.11 shows how the daisy chain structure works. First, suppose that the SIO is 
servicing interrupt. When the PIO issues an interrupt request immediately before the 
first byte “EDH” of the RETI instruction is decoded with M1 being active, “IEO” of the 
PIO goes “0”. However, when “EDH” is decoded, the PIO’s interrupt request is not 
acknowledged. 

Therefore, the PIO’s “IEO” returns to “1”. When the second byte “4DH” is decoded, 
the SIO’s “IEO” returns to “1”. Therefore, the “IEI” and “IEO” of each peripheral LSI at 
this point of time all go “1”, or out of the interrupt serviced state. The PIO keeps the INT 
pin at “O” until this state is set. Then, the interrupt is serviced starting with the 
peripheral device of the higher priority. 


T1 T2 TW 13 T1 


B/A,C/D,CE XK f/f 











IOR 
RD | 
| 
MT ! 
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Figure 3.7 Write Timing 
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Figure 3.8 Read Timing 
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Figure 3.9 Interrupt Acknowledge Timing 
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YO its 


Figure 3.10 Return Timing from Interrupt 


@ The SIO has made an interrupt request. 





IE IEO [El IEO IE! IEO TEL © 1EO — IEl IEO 


@ The SIO is servicing the interrupt. 


a“ 1 a a“ 1 a “ 1 “ “a uw a“ u 


1 0 
a sg oe CS a 


@ The PIO has made an interrupt request immediately before “EDH” is decoded by 
the SIO. By the PIO’s interrupt request, PIO’s IEO is set to “0”. 





® Because “EDH” has been decoded, the PIO’s interrupt request is not acknowledged. 
Therefore, PIO’s IEO returns to “1”. 
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Figure 3.11 Daisy Chain at Execution of RETI Instruction (1/2) 
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© Because “4DH” has been decoded, the SIO’s IEO is set to “1”. 





©@ The PIO’s interrupt request is acknowledged and the PIO’s IEO is set to “0”. 


a 1 a“ a 1 a a 8 hd dl 9 “0” 


Figure 3.11 Daisy Chain at Execution of RETI Instruction (2/2) 


100489 


3.4 SIO OPERATIONAL PROCEDURE 


The following mainly describes the meaning of each bit of the write and read 
registers. Special attention should be directed to the fact that the parameters of the 
write register (WR4) should be set before the others. 


(1) Write registers 


WRO; Write register 0 
Table 3.2 Configuration of Write Register 0 


CRC reset code Primary command bit Register pointer bit 
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Bits DO through D2: Register pointer bits 


These bits specify the register on which read/write is performed by the next byte. 
When read/write is completed, the register pointer points to WRO. 


Bits D3 through D5: Basic command bits 
e Command 0 (=000) : No operation 


This command only sets the register pointer without making the SIO operate. It 
is used to invalidate the command in the command chain for the SIO or hold the 
location at which a command is inserted in the command chain if required. 


e Command 1 (=001) : Abort sequence generation 


This command is used to generate the abort sequence (7 or more consecutive 
“1”s). Note that command 1 is used only in the SDLC. 
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e Command 2 (=010) : External/status interrupt reset 


Once an external interrupt or a status interrupt has occurred, the status bit of 
RRO is latched. This command is issued to enable the RR0O’s status bit in order to 
enable the interrupt again. 


e Command 3 (=011): Channel reset 


This command performs generally the same operation as when the RESET pin 
is set. The difference is that reset is performed only on a single channel. The 
command for channel A resets the interrupt priority circuit as well. 


e Command 4 (=100) : Enable the interrupt at the next character reception. 


This command is used to enable an interrupt when the end of data block has 
been detected followed by the reception of the next block. 


e Command 5 (=101): Reset transmit interrupt pending 


If the transmit buffer becomes empty in the transmit interrupt enable mode, an 
interrupt occurs. This command is used to disable the transmit interrupt when 
there is no data in the transmit buffer. 


e Command 6 (=110): Error reset 


The error (parity or overrun error) caused in block transfer is latched in bits D4 
and D5 of RR1. This commands is used to clear these bits. 


e Command 7 (=111) : Return from interrupt 


This command performs the same operation as the operation required to execute 
the RETI instruction on the SIO’s data bus. Therefore, non-Z80 CPUs (that is, 
systems using no RETI instruction) can use the daisy chain in the SIO. This 
command is available only on channel A. 


Bits D6 and D7: CRC reset code 


These 2 bits allow the programmer to select between the receive CRC checker 
reset, the transmit CRC generator reset, and the transmit underrun/EOM reset. 


Table 3.3 List of Reset Command Codes 


[esetconmane dd 
a 
[nest therecvecReceker———SSSCS~idtCS 
[Reset the wansmivcrcgenertor————SSS*d | 
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WRI; Write register 1 | 
Table 3.4 Configuration of Write Register 1 


Wait/ready Receiving Status | Enable Enble 


interrupt -affect | transmission | external/ 
Select Select mode vector | interrupt status 


Enable receiving/ interrupt 


function | transmission 
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Bit DO: External/status interrupt enable 


When this bit is set, an interrupt is generated at the start of sync character 





transmission even if the execution is terminated upon detection of break/abort, the 
DCD, CTS or SYNC signal has changed, or the transmit underrun/EOM latch is set. 
Bit D1: Transmit interrupt enable 
When this bit is set, a transmit interrupt is generated upon the transmit buffer 
becoming empty. 
Bit D2: Status affect vector 
When this bit is set, bits D1 through D3 (V1 through V3) of WR2 is changed. When 


this bit is not set, the same interrupt vector as the contents of WR2 issued. Note that 
this bit is available only on channel B. 
Bits D3 and D4: Receive interrupt mode 


These bits are used to select a receive interrupt mode. 


Bits D5 through D7: Selection wait/ready functions 


These 3 bits are used to select a W/RDY pin function. The wait or the ready 
function is selected by program and they are not used simultaneously. The meaning 
of these bits are: 


e When D5 is set to “1”, it indicates that the W/RDY pin responds to the receive 
buffer; when D5 is reset to “O”, it indicates that the pin responds to the transmit 
buffer. 

e When D6 is set to “1”, the W/RDY pin functions as the READY pin; when D6 


is reset to “O”, the pin functions as the WAIT pin. 


e When D7 is set to “1”, the wait/ready function is enabled; when D7 is reset to 
“Q”, the function is disabled. 


For example, when D7, D6, and D5 are “1”, “1”, and “O” respectively, and the 
transmit buffer is full, the READY pin goes “1”; when the transmit buffer is empty, 
the pin goes “0”. 
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Table 3.5 shows the summary of the above description of bits D3 and D4 and D5 
through D7. 


Table 3.5 List of Receive Interrupt Mode Codes 











Receive interrupt mode 


Receive interrupt disable | L oe | 





Interrupt on first received character or special receive conditon* | 





Interrupt on received character or special receive condition* 











nterrupt on received character or special receive condition* (except for parity error) 
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ss ® End of frame (in SDLC mode only) 
@ Receive overrun error 
@ Parity error 
) 


Framing error 


Special receive conditions: 


Table 3.6 Wait/Ready Select Function (D5 through D7) 


: Buffer state D7 D5 
Pin (Function) Pin output 
1 : 


ENABLE 

















The transmit buffer is full. 
Low The transmit buffer is empty. 


Pedy The receive buffer is empty and 
the SIO data port is selected. 
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WR2; Write register 2 
Table 3.7 Configuration of Write Register 2 





LI 


Subject to change under different 
interrupt conditions if the status- 
affect vector bit is set. esa 





This write register is the interrupt vector register. When bit D2 of WR1 is not set, the 
interrupt vector is issued. When bit D2 of WR1 is set, bits D1 through D3 (V1 through 
V3) are changed depending on the interrupt generation condition. This time, the 
contents of WR2 remain unchanged. Because WR2 is available only on channel B, WR2 
must be programmed even if only channel A of the SIO is used. 

Table 3.8 shows the WR2 bit states in the interrupt condition with the status affect 


vector being set. 


Table 3.8 Channel Interrupt Condition Codes 


Transmit bufferempty | | | 
Change ofexternal/status | | 


* Special receive conditions : 
@ End of frame (in SDLC mode only) 
@ Receive overrun error 
e Parity error 
@ Framing error 











eee oe 
ae ae 
Oe ee 
ae ee 
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WR8; Write resgister 3 
Table 3.9 Configuration of Write Register 3 


Prohibit 


Enabl 
synchronous | Enable 


receiving 


Receiving bit Auto 


/character enable CRC character | receiving 
load 
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Bit DO: Receive enable 
When this bit is set, the receive operation starts. Because this bit is used to start 
the receive operation, it must be set after the receive-associated programming has 
been all completed. 
Bit D1: Sync character load inhibit 


When this bit is set in the syne mode, the sync character is not loaded into the 
receive buffer. 

This bit is used to remove the sync character and idle sync from the received 
characters. 


Bit D2: Address search mode 


When this bit is set in the SDLC mode, any message having a programmed address 
or an address other than the global address (FFH) is not received by WR6. Thefore, 
the receive interrupt does not occur unless an address match occurs. 


Bit D3: Receive CRC enable 


When this bit is set, CRC calculation starts at the start of the last data transfer 
from the receive shift register to the receiver buffer. 


Bit D4: Enter hunt Phase 


When the establishment of synchronization is required, set this bit to enter the 
SIO into the hunt phase. The hunt phase is automatically cleared upon 
establishment of synchronization. 


Bit D5: Auto enable 


When this bit is set, the transmitter is enabled at the time the CTS pin is “0”. 
When the DCD pin is “0”, the receiver is enabled. 


Bits D6 and D7: Receive character length 


These bits are used to specify the number of receive bits which make up one 
character (character length). Table 3.10 shows the number of bits per character. 
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Table 3.10 Receive Character A Codes 
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WR4; Write register 4 
Table 3.11 Configuration of Write Register 4 





D3 D2 
Parity 
Clock mode Synchronous mode Stop bit 
Even/Odd Enable 
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Bit DO: Parity enable 


When this bit is set, 1-bit transmit data is added to the number of bits specified by 
D6 and D7 of WR8 and the data is received in the resulting number of bits. Ifa 
character length other than 8 bits is selected, the added parity bit is set to the MSB 
side to be transferred to the receive data FIFO. When the 8-bit character length is 
selected, the parity bit is not transferred to the receive data FIFO. 


Bit D1: Parity even/odd 
This bit is used to determine whether to perform transfer and check in even or odd 
parity. (Even parity =“1”, odd parity =“0”) 


Bit D2 and D3: Stop bit length 
These bits are used to select the stop bit length in the asynchronous mode. In the 


synchronous mode, both D2 and D3 must be set to “0”. 
Table 3.12 Stop Bit Length Codes 


[stoped 
frenoe—SSSSCSC~C~“~sSY 
To 







1 stop bit/character 


1.5 stop bits/character ae ee ee ae 
2 stop bits/character EF 
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Bits D4 and Dd: Sync mode 
These bits are used to select the syne mode. 


Table 3.13 Sync Mode Codes 
Bbitsmemede——SSSCS~—‘~dCSCSSSSC 
ébitsymemode(biynemod) | 0 |) 


SDLC mode (flag character; 7EH) , be. ae 


Bits D6 and D7: Clock mode 
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These bits are used to select the factor between the transmit/receive clock and the 
data transfer rate. In the synchronous mode, the <1 clock mode must be set. In the 
asynchronous mode, the transmit side and the receive side must have the same factor. 


Table 3.14 Clock Mode Codes 


Clock mode (data transfer rate) 





a 
ai datavaserrae Sd 
[x16 datevansferrate Sid 
[x32_datevanferate i 
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WR5; Write register 5 


Table 3.15 Configuration of Write Register 5 


Transmit bit 
/character transmission | transmission 


Enable CRC 
transmission 
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Bit DO: Transmit CRC enable 


When this bit is set at the time the transmit data is loaded from the transmit data 
buffer into the transmit shift register, the CRC calculation is performed on that data. 
If this bit is not set, the CRC calculation and transmission are not performed in the 
transmit underrun state in the synchronous or SDLC mode. 
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Bit D1: Request to send (RTS) 


When this bit is set, the RTS pin goes “0”. When this bit is not set, the RTS pin 
goes “1”. In the asynchronous mode, the RTS pin goes “1” when the transmit buffer 
becomes empty. In the synchronous or SDLC mode, this bit state is followed by the 
RTS pin state. 


Bit D2: CRC-16/SDLC 


6 5 2 
When this bit is set, the CRC-16 polynomial (x +X) +X +1) is selected. When 
this bit is reset to “0”, the CRC-CCITT polynomial (X +X +X +1) is selected. 


Bit D3: Transmit enable 


When this bit is set, the transmitter is enabled. Even if this bit is reset to “O” after 
the start of transmission, the sync character and the data being transmitted are 
transmitted to the last. 


Bit D4: Transmit break 


When this bit is set, transmitting any data forcibly puts the transmit data line 
(TxD pin) in the space state. When this bit is reset to “0”, the TxD pin is put in the 
marking state. 


Bits D5 and D6: Transmit character length 
These bits indicate the character length of transmit data. 


Table 3.16 Transmit Character Length Codes 


[trucharacer 08 | os 
[testhensie | a | 0 
a 
ee ee 
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As shown in Table3.16, for the transmission of less than 5 bits (4 bits or 3 bits) per 
character, D6 and D5 are “0” and “0”, which do not indicate how many bits the 







transmit data consists of. To solve this problem, the data characters must be 
processed by the format shown in Table 3.17. Note that D indicates data. 
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Table 3.17 Data Transfer Format with Transmit Data Consisting of Less than 5 bits 


Terniiaenrones [or [6 [os [or [os [ox [or [on 
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Bit D7: data terminal ready 


This bit indicates the DTR pin state. When this bit is set, the DTR pin goes “0”, 
when it is reset, the DTR pin goes “1”. 


WR6; Write register 6 
Table 3.18 Configuration of Write Register 6 
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This register is programmed as follows: 


8 In the external sync mode : Transmit sync character 


e In the monosync mode : Transmit sync character 
6 In the bisync mode : First syne character 
® In the SDLC mode : Slave station address 


WR7: Write register 7 
Table 3.19 Configuration of Write Register 7 
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This register is programmed as follows: 
e In the monosynec mode : Receive sync character 
e In the bisyne mode : Second sync character 
@ IntheSDLC mode ___: Flag character (7EH) 
This register is not used in the external sync mode. 
(2) Read registers 


RRO; Read register 0 
Table 3.20 Configuration of Read Register 0 


Transmission Receiving 


Break/ underrun Synchro- Transmission | _ Reserve 
Abort /EOM nize/Hunt bufferempty} interrupt 


fa 


Used with the external/status interrupt 


character 
effective 
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Bit DO: Receive character available 


This bit is set when the receive buffer holds characters of 1 byte or more. This bit is 
reset when the buffer becomes empty. 


Bit D1: Interrupt pending 


This bit is set when an interrupt occurs in the SIO regardless of the interrupt 
condition type. 
This bit is available only on channel A. 


Bit D2: Transmit buffer empty 


This bit is set when the transmit data buffer becomes empty or the SIO is reset. 
However, in the syne and SDLC modes where the CRC character is being 
transmitted, bit D2 is reset. 


Bit D3: Data carrier detect 


This bit indicates the DCD pin input state. This bit is latched when the 
external/status interrupt occurs. 


Bit D4: Sync/hunt 


The meaning of this bit depends on the operation mode: 
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(i) Asynchronous mode 


(ii) 


(111) 


(iv) 


Bid D4 indicates the SIO’s SYNC pin state. When the SYNC pin state changes, 


- the external/status interrupt occurs. 


External syne mode 


When synchronization has been established by the detection of external 
synchronization, the last bit of the sync character must be set to “0” at the second 
RxC falling edge from the rising edge of the received RxC. That is, to set the SYNC 
input to “0” by the external circuit after the detection of synchronization, full 2 
receive cycle clocks must be awaited. 

When the SYNC input goes “0”, the sync hunt bit is set. When synchronization 
is lost or the end of message is detected, the enter hunt phase bit is set. 


Internal syne mode 


In the monosync and bisync modes, bit D4 is initialized to “1” by the enter hunt 


phase command (D4 of WR3). This bit is reset when the SIO detects the sync 
character. 


SDLC mode 


Bit D4 is set when the receiver is disabled or the enter hunt phase command is 
issued. 


Then, when the frame open flag is detected, this bit is reset. 


Bit D5: Clear to send (CTS) 


This bit indicates the opposite of the CTS pin input state. 


Bit D6: Transmit underrun/EOM 


This bit is set when the SIO is reset (including channel reset). Only the reset 


transmitter underrun/EOM latch command WRO bits D7, D6=“1”, “1”) can reset this 
bit. When the transmit underrun state occurs, the external/status interrupt is 
generated. Bit D5 is also used to control transmission in the sync or SDLC mode. 


Bit D7: Break/abort 


In the asynchronous mode in reception, this bit indicates the break state detection. 


When the break state is detected, this bit is set, generating the external/status 
interrupt. This bit is reset by the external/status interrupt reset command. 


After break, the external/status interrupt is generated again. In the SDLC mode, 


bit D7 is set when the abort sequence is detected, generating the external/status 
interrupt. 


MPUZ80-260 


TOSHIBA TMPZ84C40A/41A/42A/43A/44A 


RR1; Reader register 1 
Table 3.21 Configuration of Read Register1 





D7 D6 
Receiving 
End of framing Feed all 
frame penny Fraction characters 
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Bit DO: All sent 


In the asynchronous mdoe, this bit is set when all characters are sent from the 
transmitter or there is no transmit data in the SIO. In the synchronous mode, this bit 
is always set. 


Bits D1 through D3: Fraction codes 


Normally, I field is an integral multiple of character length. If itis not, these bits 
show the number of fraction bits. These codes are effective only for the transmission 
for which the end of frame bit is set in the SDLC mode. 


Example: Figure 3.12 shows examples of fractions in which the number of bits/ 
character at the end of I field is 8 bits (1) and 4bits (2). 


CRC 


| field ® 


@ 
aS 


Figure 3.12 Examples of Fraction Bits in | Field 





| field 
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Table 3.22 (a) shows the fraction codes for the receive character whose character 
length is 8 bits. 
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Table 3.22 (a) Bit Patterns by Fraction Bits at End of I Field 


Number of fraction bits at end of | field 
1 byte before 2 bytes before 
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The same table can also be provided for each character length when the receive 
character length of I field is other than 8 bits. 


Table 3.22 (b) Bit Patterns by Number of Bits/Character (No Fractions) 


Bits/character 
5 bits/Character 
6 bits/Character 


7 bits/Character 
~ 8 bits/Character 


Bit D4: Parity error 


This bit is latched when the parity select bit (DO of WR4) is set and a parity error is 
detected in the receive data. Latch can be cleared by the error reset command (WRO 
bits D5, D4, D3 =“1”, “1”, “O”). 
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Bit D5: Receive overrun error 


The receive data FIFO holds up to 3 characters. When more characters are 
received without read out by the MPU, the excess character is set to the receive FIFO. 
When this character is read by the MPU, this receive overrun error is set. Once set, 
bit D5 latches that state. When the error reset command (command 6 of WRO bits D3 
through D5) is written, this bit is also reset. 
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Bit D6: CRC/framing error 


In the asynchronous mode, this bit is set when a framing error is detected in the 
received character. Because this bit is not latched, it is always updated. 

In the synchronous and SDLC modes, this bit indicates the transmitted CRC check 
result. This bit is reset when the error reset command (command 6 of WRO bits D3 
through D5) is written. | 


Bit 7: End of frame 


This bit is set when the end flag is detected in the receive data. This bit is reset 
when the error reset command (command 6 of WRO bits D3 through D5) is written. 
This bit is used only in the SDLC mode and is updated when the first character of the 
next frame is received. 


RR2; Read register 2 
Table 3.23 Configuration of Read Register 2 


Interrupt vector 





Subject to change under different 
interrupt conditions if the status- 


affect bit is set. 100489 


When the status affect vector bit (D2 of WR1) is set, bits V3 through V1 are 
changed depending on the interrupt condition at the time. The vector to be read is 
determined by the interrupt condition having the highest priority at the time of read. 
When the status affect vector bit is reset, the contents of this register are the same as 
those of WR2. | 


3.5.6 Using SIO 


The following describes some system examples using the SIO. Figure 3.13 shows an 
inter-processor communication system. In this example, the MPU on the left side 
controls the data transfer with the modules on the right side. Both diagrams shown in 
Figure 3.13 (a) and (b) are communication systems. As shown, the SIO is used to 
interface with external devices in data communication. The greatest advantage of the 
SIO is the smaller number of data lines than parallel communication. 
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RSXYZ 
driver 
/receiver 








RSXYZ 
driver 
/receiver 
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Figure 3.13 (a) Example of Data Communication between Processors 










Channel No.1 


Modem 
(Synch- 
ronous, 
Asynch- 
ronous) 












RS232C 
driver 
/receiver 


Data linking for remote 
processor 







Channel No.2 
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Figure 3.13 (b) Example of Data Communication between Processors 
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4. ELECTRICAL CHARACTERISTICS 
4.1 ABSOLUTE MAXIMUM RATINGS 


> __Penerossrnien neversonstacreo | | 9M 
(8MHz VERSION : TA = 70°C) 


6N.Hz VERSION -40 to 85 
8MHz VERSION - 10 to 70 







° 


° = 





°C 





Operating Temperature 
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4.2 DCELECTRICAL CHARACTERISTICS 


6MHz VERSION : Ta=—40°C to 85°C, Veco =5V+£10%, Vgsg=0V 
8MHz VERSION : Ta=-—10°C to 70°C, Voc=5V 15%, Vgg=0V 


ITEM TEST CONDITION M 
VILC |LowClockinputvoltage |  ss—‘isé‘i*Y:SC*iéi 
VIHC High Clock Input Voltage fe oo Vcc -0. 


N. 

VIL Input Low Voltage 
(Except CLK) 

VIH Input High Voltage 2 
(Except CLK) 

VOL Output Low Voltage lIOL=2.0mA 
VOH1 | Output High Voltage (1) IOH = -1.6mMA 4 
40 





TYP. 


s 


<= 
O 
‘oy 
+ 

= 
Ww 


AX. 





i 


| 
© 
on 


< 
a) 
o) 







| 
2 
Zz 


Lv 


ICC1 Power Supply Current VCC = 5V (2) 
fCLOK =(1) 

ICC2 
VIH = VIHC = VCC -0.2V 
ViL=VILC=0.2V 


VIHC =VIH 
Note: (1) fCLK=1/TcC (MIN.), (2) AP-6/AM-6/AF-6/AT-6, (3) AP-8 050489 
























— 
N 


=VCC-0.2V 
VILC = VIL=0.2V 
VCC =5V 










—3 
© 


Standby Supply Current 





Except SYNC at “L” output 










: 8 
Ja aan I+ | I+ o) 
oO oO —} wh 
oO|lo = 
3 
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4.3 ACELECTRICAL CHARACTERISTICS (1/2) 
6MHz VERSION : Ts = —40°C to 85°C, Voc =5V £10%, Vgg=0V 


8MHz VERSION : Ta=-—10°C to 70°C, Vec=5V 45%, Vas=0V 


SYMBOL 
| sme | rere a 


Ta fe _____[eecreyaeme ves oe | asf oc | om 
Ta feet esta [eee Poe [a 


TsCS (C Control signal to clock setup time 
(CE, C/D, B/A) 
7 \TsRD(C) ra |, RD | to clock f setup 


Clock f to data out delay 
sDI(C Data in to clock 7 setup 
(Write or M1 cycle) 
Q |TdRD (DOz). RD 7 to data out float delay 


IORQ | to data out delay 
Tao) (INTACK cycle) 


2 | TsM1 (C) M1 to clock 7 setup time 


IEL | to IORQ | setup time 
12 TSE) (INTACK cycle) 
M1 | tolEO | delay 
TdM1 (IE 
™ 2) (interrupt before M1) 
IEI T to lEO 7 delay 
1S FGIEEV EO) (after ED decode) 
16 | TdIEl (IEOf) IEl | tolEO | delay 
7 |TdC (INT) Clock f to INT J delay 


IORQ | or CE | to W/RDY | delay 


(1/2) 

















ol 1 
ion Len) 
Oi 
Alala 
aa 
Nn 


4 |H 
a. 
a 
oO 
oO 


— 


—_ 


NO 
NO or; BR | Ww 


= pom —_ CO 
oO N uw A|l—- 
© © © alo 
pa 
© 
© 
; 
rn 


— 
— 
(an) 


—, 


— 
NO NS W S 
© 1 © © 


— 
Loa 
a) 











18 |TdiO (W/RWf) await mode) 175 130 
TdC (W/RRP) Clock } to W/RDY | delay 100 
(Ready mode) 
Clock | to W/RDY float delay 
TdC (W/ RW2) (ivait mods) 


Any unspecified hold when setup 
is specified 


TwPh Pulse width (High) 


Th, Th (CS) 


No 

© 
— 
— 
© 


© 





050489 


MPUZ80-266 


TOSHIBA TMPZ84C40A/41A/42A/43A/44A 


AC ELECTRICAL CHARACTERISTICS (2/2) 


23 
24 





~- 
— 
~ 
_— 
fo) 
< 
a: 
N 
~~ 


SYMBOL PARAMETER 





= 
z 
S 
é 











TwPI Pulse width (Low) 
TcTxC 
TwTxCl TxC width (Low) 100 
TwTxCh TxC width (High) 


TxC | to TxD delay (x1 mode) 


J 
WW 
=) 


TxC cycle time 


NO 
© 
an) 


RO 
— 
i) 
oO 


NO 
(oa! 


6 
27 | TdTxC (TxD) 


NO 

U1 

© 
efefele 3 
> 
io 

: 
Va) 


CLK 
Periods* 
CLK 
Periods* 
n 


ns 
CLK 
Periods* 
CLK 
Periods* 
CLK 
Periods* 
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—_ | — | UW 
oO;}O |] Ww 
OoO;o }] © on (ea 









TxC | to W/RDY | delay 


oe (Ready mode) 


TdTxC (W/RRf) 


29 | TdTxC (INT) TxC | to INT | delay 


NO 
Oo 
io) 


30 
31 
32 


TcRxC 
TwRxCl 


RxC cycle time 







RxC width (Low) 


TwRxCh RxC width (High) 


RxD to RxC J setup time 


33 TsRxD (RxC) ix thode) 
34 |ThRxD (RxC) RxC f to RxD hold time (x1 mode) 


RxC f to W/RDY | delay 
(Ready mode) 


= 
© 
an) 


—_ —_—> 
& co) o 
S 5 
—_ —_ NO 
N Ww Ww ro) >< 





35 |TdRxC (W/RRf) 


36 | TdRxc (INT) RxC 7 to INT | delay 


RxC f to SYNC | delay 
(Output modes) 


SYNC | to RxC 7 setup 
(External sync modes) 


37 | TdRxC (SYNC) 


— — 
© © 
— — 
| WwW Ww 


~ 100 


| 
— 
© 
©. 


38 | TsSYNC (RxC) 





Note: (1) AP-6/AM-6/AF-6/AT-6, (2) AP-8 
AC test condition 
VIH =2.4V, VIHC=VCC-0.6V, VIL=0.4V, VILC=0.6V 
VOH=2.2V, VOL=0.8V CL=100pF 
* System Clock 
In all modes, the System Clock rate must be at least five times the maximum data rate. 


44 CAPACITANCE 
TA=25°C 


SYMBOL ITEM TEST CONDITION UNIT 


CCLOCK | Clock Input Capacitance} ¢_ 4pyuz rarer se 
Allterminalsexceptthattobe | — | — | 5] pF | 


COUT Output Capacitance measured should be earthed. aot ee eS 
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4.5 TIMING DIAGRAM 


Numbers shown in the following figures correspond with those in the 4.3 A.C. 
Electrical Characteristics Table. 


«<—(1) ——»> 
BON Ron 
CLK ed 
T1 T2 3/TW T4/T3 T1 
CE,C/D,B/A jase, 
it a ned Os 
— HO] | 
a bof 
DO~D7 4} 


. <1) 
W/RDY 
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Figure 4.1 (a) Timing Diagram 
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W/RDY 

_ 

INT 

—_ 

RxC \ / 

<—(G3)—> <—(4)—> 

RXD ne ee Gereeeane 
W/RDY 

INT 

SYNC 


Figure 4.1 (b) Timing Diagram 
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5. PACKAGE DESCRIPTION 





5.1 40-PIN DIP 
DIP40-P-600 
40 21 
rf 
Pe 
1 20 


| 50.7 40.2 | 





1.22TYP 





0.51MIN//3.540.2 
4.5 . 
3.540.3 


TMPZ84C40A/41 A/42A/43A/44A 


Unit: mm 


O- 15° 


270289 


Note 1 : This dimension is measured at the center of bending point of leads. 
Note 2:Each lead pitch is 2.54mm, and all the leads are located within £0.25mm from their 


theoretical positions with respect to No.1 and No.40 leads. 
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5.2 44-PIN MINI-FLAT PACKAGE 
QFP44-P-1414F 


16.9 +0.3 Unit: mm 


14.0+0.2 







[0.8] 3.0TYP 





14.040.2 
16.9+0 .3 


3,0. 7¥P 


0.35+0.1 





3.05MAX 








Aah a+ 4 


lesa 


1.15 20.2 270289 


Note: Package Width and Length do not include Mold Protrusions. 
Allowable Mold Protrusion is 0.15mm. 
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5.3 SOP PACKAGE 
SSOP40-P-450 


Unit: mm 








8.8+0.2 


11.93+0.3 
(450mi 1) 


1.15TYP 0.35+0.1 1.15TYP 


[0.16 @ 





| 17.5 £0.2 





-9 
oO 
+ | 
a 
O]o.1, z | 
_ © 
0.8+0.2 
270289 


Note: Package Width and Length do not include Mold Protrusions, 
Allowable Mold Protrusion is 0.15mm. 
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5.4 44-PIN PLCC PACKAGE 
QFJ44-P-S650 


17.52+0.2 Unit: mm 


16.6 + 0.2 










N oO N 
= ’ 
ro) : oO 
ro) 

+! +1 
wn Pe] ON 
= ae = 

,ow) 

+! 

au 

a, 

oO 





Ww 
—o 
oo 
+ | 
N 
oO 





4.32 +0.2 





15.76+0.2 
270289 


0.71+0.1 


6. PRECAUTIONS 
In the programming using the SIO, it can be used only for single channel according to 


registers and bits. 
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(2) 


(3) 


TMPZ84C61AP-6 
TLCS-Z80 CGC : Z80 CLOCK GENERATOR/CONTROLLER 


GENERAL DESCRIPTION AND FEATURES 


The TMPZ84C61A is a clock generator/controller (CGC) for the TLCS-Z80 Family 
(Microprocessor (MPU) and its peripheral LSIs) fabricated with Toshiba’s CMOS Silicon 
Gate Technology. The TMPZ84C61A is provided with two input terminals which are 
capable of selecting one of the following 3 modes when the TLCS-Z80 MPU executes the 
HALT instruction. 


RUN Mode 


The clock (CLK) output operation of the TMPZ84C61A is continued. The TLCS-Z80 
MPU isinthe HALT state at this time and continues to execute the NOP instruction. 


IDLE Mode 


The clock (CLK) output by the TMPZ84C61A is stopped. However, only the internal 
oscillator continues to run. 


STOP Mode 


The operation of the TMZ84C61A is completely stopped. 

In the STOP mode, the operation of the microcomputer system is completely stopped. 
Therefore, it becomes possible to keep the system at low power consumption. 

When “0” is inputted to the DIV terminal, the signal obtained by dividing input 
frequency from the external oscillator is transmitted from the CLK terminal, and when 
“1” is inputted, the signal of the same frequency, as that of the external oscillator is 
transmitted from the CLK terminal. 

The TMPZ84C61A is enclosed in 16 pin standard DIP. 

The principal functions and features of the TMPZ84C614A are as follows. 


(1) Upper compatible with TMPZ84C60P 
(2) Low power consumption 


3mA Typ. (@5V,6MHz operation) 
500pA Typ. (@5V 6MHz) (IDLE Mode) 
10pA MAX. (@5V stationary) (STOP Mode) 


(3) Single 5V power supply (6V+10%) 
(4) Extended operating temperature (— 40°C to 85°C) 
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(5) The following 3 modes are selectable : 
e RUN Mode 
e IDLE Mode 
e STOP Mode 





(6) Clock output frequency division 


(7) With the RESOUT terminal signal, stable reset pulse can be provided to the MPU 
and its peripheral LSIs. 





Compatibility with TMPZ84C60 





TMPZ84C61A is used in the same mode as TMPZ84C60 under the following conditions. 


(1) Leave the RESOUT terminal open, and connect the RESET terminal of the MPU | 
with that of TMPZ84C61A. | 


(2) Input “1” to the DIV terminal. 
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2. PIN CONNECTIONS AND PIN FUNCTIONS 


The pin connections and I/O pin names and brief functions of the TMPZ84C61A are 
shown below. 


2.1 PIN CONNECTIONS 


The pin connections of the TMPZ84C61A are as shown in Figure 2.1. 


RESOUT | | 1 16 | | VCC 
RSTI1 | | 2 | 15| | DS 
HALT | | 3 14| | DIV 

Mt1||4 13 | | RESET 

RSTO2 | [5 12| | Ms2 


RSTI2 | | 6 11) |MS1 






CLK [| 7 10 | | XTAL2 (Xour) 


vss []8 9 | ]XTAL1 (Xin) 
100489 


Figure 2.1 Pin Connections 
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2.2 PINNAMES AND FUNCTIONS 
I/O pin names and functions of the TMPZ84C61A are as shown in Table 2.1. 


Table 2.1 Pin Names and Functions 
Number plead 
RTI input Restart signal from clock (CLK) stop state 
(Level ae 
HALT = Halt Haltsignal HAT) input (HALT) input 


Restart signal from clock (CLK) stop state 
nput 
(Edge trigger input) 
Single-phase clock output. 
Output |When the HALT instruction in STOP or IDLE Mode is executed, The 
TMPZ84C61A holds clock output at “0” level. 
Input Input to set up a warming-up time at time of restart ftom the clock 
stop state in stop mode. 
raise Reset signal input. 
P Restart signal from clock (CLK) stop state (Level trigger input) 


Determinds division or non-division of oscillation frequency. 
Division mode is selected by the input of “0”. 


























Counter output stage selecting input. 


CO ‘@) 
WN rT 
“~ 


g 
< 










| pe) 
m 
[Ta) 
© 
om 
4 





Input 









Mode selection input. 
One of 3 modes (RUN, IDLE,STOP) is selected according to the state 
of these 2 pins 


MS1, MS2 


Crystal oscillator connecting terminal 
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3. DESCRIPTION OF OPERATION 


The system configuration, functions and basic operation of the TMPZ84C61A Clock 
Generator are described here. 


3.1 BLOCK DIAGRAM 


The block diagram of the internal configuration is shown in Figure 3.1. 


DI HALT MS1 Ms2 RSTI1 = RST12 M1 RESET 


Y Y Y Y 








tee, cee CLK 
i Zw 
XTAL2 2 < uO CONTROL CIRCUIT 
XTALI—>| 12 0 | [=o ine 
—- Wn 
© 
RESOUT 
INTERNAL COUNTER 
DS 100489 


Figure 3.1 Block Diagram 


— 3.2 SYSTEM CONFIGURATION 


The internal configuration of TMPZ84C61A is as shown in Figure 3.1. 

The waveform that is inputted by the external oscillator is converted into the square- 
wave for clock by the internal oscillator, Clock is controlled by the control circuit and the 
counter, and outputted to the outside. | 

In this section, the following principal components and functions which must be 
known in using the TMPZ84C61A will be described. 


(1) Generation of clock 
(2) Operation mode 


(3) Warming-up time at restart 


MPUZ80-278 


TOSHIBA TMPZ84C61AP-6 


3.2.1 Generation of clock 


TMPZ84C61A internally supports an oscillation circuit to facilitate the clock output. 
A desired clock is generated from the CLK terminal by simply connecting the oscillator 
with the external terminals (XKTALI and XTAL2). The input of “1” to the DIV terminal 
allows the output of the same frequency as that of the oscillator. By entering “0” to the 
DIV terminal, TMPZ84C61A generates the clock signal with a 1/2 the input frequency. 
The DIV terminal must be kept “Low” for a frequency level of more than 6MHz. 

Figure 3.2 shows a typical connection of the oscillator. 


(1) A quartz crystal should conform to the follwing characteristics or MR12000-C20 of 
TokyoDempa (oscillation frequency : 12MHz): 
Output clock frequency (f) : 6MHz 
MR12000-C20 quarts crystal oscillator Cg<4pF Rg<250 
Cin=Cout=33pF ~ 


“EY ot 


Cin dy ony 
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Figure 3.2 Examples of Oscillator Connection 


3.2.2 Operation modes 


There are 3 kinds of operations modes ; RUN mode, IDLE mode,and STOP mode 
available for the TMPZ84C61A. One of these modes can be selected by the mode select 
input (MS1, MS2). These operation modes are effective when the TLCS-Z80 MPU is 
executing the HALT instruction. When fetching the HALT instruction, MPU outputs 
“0” to the HALT terminal to indicate that MPU enters into the HALT state. After 
executing the HALT instruction, the TMPZ84C61A performs the operation in one of 
these mode by this signal. 

The operations of these modes in the HALT state are shown in Table 3.1. 
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Table 3.1 TMPZ84C61A Operation Modes 


se Content of Operation at Halt State 


Ee RUN Mode __ | Continues to supply clock to the outside. 


The internal oscillator only operates and supply of 
Note) IDLE Mode __ | clock to the outside is stopped. 

The internal operations are all stopped. 

P 

pt foo TOE Mode Clock output (CLK) is held at “0” level. 


Clock output (CLK) is held at “0” level. 
Note: MS2 can be used for any modes. 
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Clock is continuously supplied in any mode except the HALT state. MPU is restarted 
from the clock stop state in IDLE mode and STOP mode by inputting one of RSTII, 
RSTI2 or RESET signal. 

MPU is released from the HALT state by the input of RESET signal or acceptance of 
maskable (INT signal) or non-maskable (NMI signal) interrupt request. Therefore, 
these signals are normally connected to MPU as follows: 


® Connect the RESET signal of the system with TMPZ84C61A. 
@ Connect the RESET signals of the MPU and peripherals with the RESOUT signal. 


@ INT signal (maskable interrupt input) and RST signal peer input) are 
commonly used. 


e RETO2 signal (output of restart input signal RSTI2) is connected to NMI signal 
(non-maskable interrupt input). 


3.2.3 Warming-up time at restart (STOP mode) 


When released from the HALT state by acceptance of interrupt request, MPU will 
execute the interrupt routine. Therefore, to restart the clock by RSTI1 or RSTI2 restart 
signal in STOP mode it is necessary to supply clock to the outside after the oscillation is 
sufficiently stabilized. The TMPZ84C61A provides a sufficient warming-up time 
enough to reach stabilized frequency by operating the internal counter. The warming- 
up is completed and clock output is started at the rising edge of the internal counter 
output which is divided oscillation frequency. There is the DS input terminal provided 
for setting this warming-up time, and a time of 2 (DS=0)or2 (DS=1) division of the 
externally connected oscillator is provided. 

The block diagram of the internal counter unit is shown in Figure 3.3 and the 
relationship between the logic of the DS terminal and warming-up time is shown in 
Table 3.2. 

Further, in case of the restart by RESET signal, the internal counter does not operate 
for a quick operation at time of power ON. 
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TMPZ84C61A INTERNAL 






> 
Ua 
l a Ww 
I uw a 
! > = 
ae 
“<a 
Cout 'XTAL2 
! 
Sel, | 
! | 
: one 
‘@ | XTAL1 
iN ! cS CONTROL CLK 
: CIRCUIT (fc) 
' CONTROL CIRCUIT 
DS 100489 


Figure 3.3 Block Diagram of Internal Counter 


Table 3.2 Warming-up Time 


Tope fs 
ms 
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3.3. STATUS CHANGE FLOWCHART AND BASIC TIMING 


In this section, the status change and basic timing when the TMPZ84C61A is 
operating are explained. 


3.3.1 Status change flowchart 


— ee 
NTERNAL 
OSCILLATOR 


NO QPERATION 
YES 


VIODE SETTIN 
NO OK? 
YES 
NO 
CLOCK OUTPUT 


SUCCESSION 
YES 


INTERNAL 
CLOCK OUTPUT OSCILLATION STOP 
STOP (CLOCK OUTPUT STOP) 


RST11 =0 
NO RSTI2 =0 


YES 


CLOCK OUTPUT 
STOP iIpLEeMODE |! N TERNAL 
OSCILLATOR START 


or 






WARMING-UP 
(217/ fc) 


WARMING-UP 
(214/ fc 


CLOCK OUTPUT 
RESTART 
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Figure 3.4 Status Change Flowchart 
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3.3.2 Basic timing 
(1) Operation when HALT instruction is executed 


The basic timing of each mode when the TLCS-Z80 MPU executes the HALT 
intruction is explained. Synchronously with the fall of T4 state of the HALT instruction 
opcode fetch cycle (M1), MPU makes the HALT signal to “0” level. By this signal,the 
TMPZ84C61A detects that MPU is going to enter into the HALT state. 


(a) RUN mode (MS = 1, MS2 = 1) 


The basic timing of RUN mode is shown in Figure 3.5. 
In the RUN mode, clock is continuously supplied to the outside even when MPU is 
in the HALT state. This mode is used on a system requiring the memory address 
refresh. 


WY CLR a eer IMEC YC LE : are ees CYCLE 


T4 11 T2 T3 T4 T1 T2 T3 
CLK 
HALT 
meee ttt—<‘<‘<‘<‘<‘<‘—~—N OY 
INSTRUCTION OPCODE NOP INSTRUCTION NOP INSTRUCTION 
FETCH CYCLE mile EXECUTION ie EXECUTION 
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Figure 3.5 RUN Mode Timing 
(b) IDLE mode (MS1=0) and STOP mode (MS1 = 1, MS2 = 0) 


The basic timing in the IDLE and STOP modes is shown in Figure 3.6. 
In these modes, clock output is stopped at the “0” level during T4 state by the 
HALT signal and M1 signal following the HALT instruction. 
However, in case of the STOP mode the internal oscillator of the TMPZ84C61A is 
also stopped. 


T4 T1 T2 1 T4 


HALT INSTRUCTION NOP INSTRUCTION 


OPCODE FETCH CYCLE : EXECUTION See CER STOP STATE. Sarr 
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Figure 3.6 IDLE/STOP Mode Timing 
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(2) Restart from clock stop 


The clock is restarted from the stopped state in the IDLE or STOP mode when “OQ” is 
inputted to any one of the following signals: 


e  RSTTI (level trigger input) 
e RSTI2 (edge trigger input) 
e RESET (level trigger input) 
(a) Restart in IDLE mode 


The restart sequence from the clock output stop state in the IDLE mode is 
shown in Figure 3.7. In the restart in the IDLE mode, the clock output is restarted 
in a relatively short delay time as the internal oscillator is in operation even when 
the clock output is kept stopped. 

4 FT 2 3 


(CLOCK STOP STATE) | | | | | | 
CLK 





Figure 3.7 Restart Sequence Timing from Clock Stop State (IDLE mode) 
(b) Restart in STOP mode | 


The restart sequence from the clock output stopped state in the STOP mode is 
shown in Figure 3.8. In restarting the clock output by inputting “0” into RSTI1 or 
RSTI2 signal, a warming-up time is automatically provided by the internal 
counter. 

T1 T2 13 
CLK 


3 
© 
3 


<WARMING-UP 


M1 | 
AS TIME 
RSTI1 i \\ 





RESET cS 
RESOUT | 
-WARMING-UP™ 
RSTI2 — SK 
RSTO2 
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Figure 3.8 Restart Sequence Timing from Clock Stop State (STOP mode) 
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3.4 METHOD OF USE 


Connection of the TMPZ84C61A with MPU when executing the HALT instruction is 
explained here. 


3.4.1 RESET Signal 


Figure 3.9 shows the examples of restart timing in the STOP mode when the TLCS- 
Z80 MPU and TMPZ84C61A use RESET signal commonly. 

To reset the TLCS-Z80 MPU, RESET signal must be kept at “0” level for at least 3 
clocks. Further, when RESET signal becomes “1” level, MPU is released from the HALT 
state after the dummy cycle for at least 2T states and executes an instruction starting 
from address 0000H. 

In restarting the clock output in the STOP mode by RESET signal, the internal 
counter for determining the warming-up time does not operate. 

Note that MPU may not be restarted properly due to unstable clock output 
immediately after the internal oscillator is restarted. Therefore, RESET signal should 
be kept at “O” level for a sufficient period of time enough to firmly reset MPU by taking 
stability of crystal oscillation at time of power ON. 


NOP 
~«— INSTRUCTION —» EXECUTE INSTRUCTION 


EXECUTION FROM) ADDRESS 0000H 
T1 T2 T3 #74 
since We eee Ee eS eee ee ei 


eer ae 
RESOUT \ ( / 


Figure 3.9 Example of Clock Restart Timing by RESET Signal 
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3.4.2 HALT release by interrupt signal 


When the TMPZ84C61A is in the IDLE or STOP mode, the clock output is restarted 
by RSTI1 or RSTI2 signal input and MPU starts to run according to that clock input. 
However, after the clock output, MPU is still in the HALT state and executes the NOP 
instruction. To release MPU from the HALT state, it is necessary to input the interrupt 
signal (INT or NMI). MPU samples the interrupt signal at the falling edge of the last 
clock of each instruction (NOP instruction for the HALT state). 
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(1) When non-maskable interrupt (NMI) is used: 


The non-maskable interrupt is the edge trigger input, and there is flip-flop (F/F) in 
MPU. The state of this internal NMI F/F is sampled at the falling edge of the last clock 
of an instruction. Therefore, if a short low active (“0”) pulse has been input before the 
interrupt signal sampling timing, this interrupt request is accepted. 

RSTI2 input of the TMPZ84C61A is output to RSTO2 through the internal circuit. It 
is therefore recommended that the restart signal is generated to the RSTI2 input 
terminal and RSTO2 signal is output into the NMI terminal of MPU. 


(2) When maskable interrupt (INT) is used : 


For maskable interrupt, the interrupt enable flip-flop (IFF) must be set to “1” before 
“0” of INT input signal is recognized. In the connection of MPU and TMPZ84C61A, this 
interrupt signal INT is jointly used with the restart signal RSTII of the TMPZ84C61A. 
Shown in Figure 3.10 are examples of the timing when RSTO2 output signal of the 
TMPZ84C61A is input to NMI of MPU and RSTI1 signal of the TMPZ84C61A is jointly 
used with INT signal of MPU. 





T4 j%T1 T2 #73 «=T4 T1 #T2 = #T3 = «T4 =~ = «T1~—«OT2 





Z80MPU NMI 
INTERNAL LATCH 


eee eeeeeneerae ! 
RSTI1 (INT) i. a a ae 


H 
INTERRUPT SAMPLING TIMING 
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Figure 3.10 Example of Clock Restart Timing by RSTI1 or RSTI2 Signals 


3.4.3 Example of connection 


A connecting example of the TMPZ84C61A and MPU is shown in Figure 3.11.1. This 
figure shows an example when RSTO2 output signal of the TMPZ84C61A is input into 
NMI of MPU by jointly using RESET signal with MPU and RSTII1 signal of the 
TMPZ84C61A and INT signal of MPU are jointly used. 

Also refer to Figure 3.11.2 for the example of connecting the RESOUT signal of 
TMPZ84C61A with the RESET signal of the MPU. | 
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A \ INTERRUPT REQUEST 
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Figure 3.11.1. Connecting Example of the TMPZ84C61A and TLCS-Z80 MPU 
without using RESOUT 
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TO Z80 FAMILY LSI 


TMPZ84CO0A 
(CMOS Z80 MPU) 







TMPZ84C61A 
CLOCK GENERATOR/CONTROL 





RESET 
RESOUT 


A INTERRUPT REQUEST 
SIGNAL 


Figure 3.11.2 Conncting Example of the TMPZ84C61A and TLCS-Z80 MPU using RESOUT 
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4. 
4. 


ELECTRICAL CHARACTERISTICS 
1 ABSOLUTE MAXIMUM RATINGS 


vn 
[ro [Power sspatontiazesa [50 | mw 
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4.2 DCELECTRICAL CHARACTERISTICS 


TOPR= — 40°C to 85°C, VCC =5V £10%, VSS=0V 


Ca 
pe tmeameer [De [= 
pee fare fees [= [To 
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DIV =“0” (6MHz) (Oscillation frequency: 12MHz) 


Vec =95V, 
mA 






























Supply Current 
(Operation) 
(RUN Mode) 


fXTAL = 12MHz 
Vic = Vin = Vcc - 0.2V, 
Vitc = Vit =0.2V 


Vcc =5V, 
Vinc = Vin = Vcc - o.2v, | 
Vitc=Vi_ = 0.2V 


Vec = 5V, 
fXTAL = 12MHz 

Vinc = Vin = Vcc -0.2V, 
Vitc = Vit =0.2V 









Supply Current 
(STOP Mode) 










Supply Current 
(IDLE Mode) 
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4.3 ACELECTRICAL CHARACTERISTICS 


TOPR= — 40°C to 85°C, VCC =5V 10%, VSS=O0V, DIV =“1”, DIV=“0” 


SYMBOL ITEM 


2 |TwCh High CLK width 


© 


Ww 
oO 
wn 


TwCl Low Clk width 
CLK rising time 

CLK falling time 
TSHALT HALT 
(M1r) set-up time 
7 | TwRSTI1 Low RSTI1 width 
TwRSTI2 Low RST1I2 width 

RSTO? 


= 
= 
ie) 


wn 


es 





oO 
D 


=) 


™~ = ~ SN 
oO 


TdRSTO?2 = 
2 
RSTID¢ STO2 delay time 
0 |TwRSTO2 | Low RSTO2 width 
TWRESET j} Low RESET width 


TRST1S 
CLK restart 
time by RSTI1 
(STOP Mode) 
TRST25S 
CLK restart 
time by RSTI2 
(STOP Mode) 


TRST 11 CLK restart time by 
RSTI1 (IDLE mode) 
TRST2I CLK restart time by 
RSTI2 (IDLE mode) 
TRESETI CLK restart time by 
| RESET (IDLE mode) 
Note :Test conditions 
1) Input high voltage VIH =2.4V, Input low voltage VIL=0.4V 
2) Testing point 


a VOH=2.2V, VOL=0.8V (except CLK output) 
b CLK Output: VOH=VCC—0.6V, VOL=0.4V 
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4.4 CAPACITANCE 
TA=25°C 


SYMBOL ITEM 
Clock Input Capacitance 
CcLock 
(XTAL2) 
Sw Input Capacitance 
Output Capacitance 











TEST CONDITION 









f= 1MHz 







All terminals except 


that to be measured 






should be earthed. 
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4.5 TIMING DIAGRAM 


Figure 4.1 to 4.4 show the basic timings of respective operation. Numbers shown in 
the figures correspond with those in the AC Electrical Characteristics Table in 4.3. 


CLK 








HALT \ / 
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HALT 


100489 


Figure 4.2 Clock Stop Timing (IDLE/STOP Mode) 
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Figure 4.3 Clock Restart Timing (STOP Mode) 
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Figure 4.4 Clock Restart Timing (IDLE Mode) 
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5. OUTLINE DRAWING 

















DIP16-P-300A 
Unit : mm | 
0 
16 9 ; 
7) 
N 
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tT MN ae 
= S06 
+ | 
+ re 
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+} 
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~*~ 
© 
+1 
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——_h Mm 
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—> $0.25M) 
140. 
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Note: 
1. This dimension is measured at the center of bending point of leads. 
2. Each lead pitch is 2.54mm, and all the leads are located within +0.25mm from their 
theoretical positions with respect to No.1 and No.16 leads. 
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6. PRECAUTIONS 
When the TMPZ84C614A is used, care should be taken to the following points. 


(1) In using RESET signal commonly with MPU, hold RESET signal at “0” for a 
sufficient period of time enough to positively reset MPU. Especially, in case of the 
restart in the STOP mode using RESET signal, be careful as output of the internal 
oscillator is not stable. 


(2) MPU is not released from the HALT state simply when the clock input is 
resumed. To release MPU, it is necessary to reset MPU or accept an interrupt 
request. 


(3) - Since RSTI2 signal of the TMPZ84C61A and NMI signal of MPU are both 
trailing edge trigger inputs. if both signals are jointly used, RSTI2 signal only may 
be detected and NMI signal may not be detected in some cares. This trouble can be 
solved by using RSTO2 signal, which is the output signal of RSTI2 input signal, as 
the input signal to NMI in order to a sufficient pulse for the detection. 
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TMPZ84C011AF-6 
TLCS-Z80 MICROPROCESSOR 


1. OVERVIEW AND FEATURES 


The TMPZ84C011A is a high-performance CMOS 8-bit microprocessor that contains 
the functional peripherals such as counter timer circuit (CTC) parallel I/O port, and 
clock generator/controller (CGC) around the TLCS-Z80 MPU. This microprocessor 
directly inherits the basic architecture of the TLCS-Z80 MPU, making available the 
software resources and development tools accumulated so far. 

The TMPZ84C011A is based on the new CMOS process and housed in a standard 100- 
pin mini-flat package, greatly contributing to system minituarization and power saving. 

The TMPZ84C011A has many I/O ports, making it available for a wide range of 
system applications such as the controller, the measuring instrument, and the word 





processor. 
Features: 


e Built-in MPU, CTC, and CGC functions of the TLCS-Z80 family. 





e High speed operation (6 MHz operation) 
e Built-in clock generator (CGC. Clock Generator/Controller) 


) Built-in standby capability (with the controller built in) 


e Low power consumption 
OPeration crrrrrreereeees 15 mA typ. (4 MHz) 22mA typ. (6MHz) 
Ide -ss+seeeree seeeeeseeees 1.0 mA typ. (4 MHz) 1.5mA typ. (6MHz) 
standby -errsrreseseseseees 500 nA typ. 


e Wide operational power voltage range (5V 10%, 3 to 6V operation supported) 
e Wide operational temperature range (— 40°C to + 85°C) 


e Three selectable operational modes 


Run MOE srrrreerereeeeeees Normal operation 
Idle mode «rrsrrssesseeeeeee Only clock generation goes on 
Stop MOE vrversereeseeeeeee Clock generation stops; standby state 


e Many general-purpose ports (5 ports, 40 bits) which support I/O operation on a bit 
basis. 


e Four channels of timer/counter (the same capability as the TLCS-Z80 CTC). 
e Built-in dynamic RAM refresh controller 


e Daisy-chain interrupt control pin 
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e Housed in a compact 100-pin mini-flat package 

e Emulation by Z80 ICE (ex. Toshiba Real Time Emulator RTE80) is available. 

e The Toshiba evaluator board (BM8024) and adapter board (BM8026) are available. 
note: Z80isa trade mark of Zilog Inc. 


2. PIN ASSIGNMENTS AND FUNCTIONS 
2.1 PIN ASSIGNMENTS (TOP VIEW) 
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Figure 2.1.1 Pin Assignments 
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1/O 


A0-A15 16 Output 
(29-44) 3-state 

PAQ-PA7 8 /O 
(61-68) 3-state 

PBO-PB7 8 /O 
(69-76) 3-state 

PCQ-PC7 8 1/O 
(53-60) 3-state 

PDOQ-PD7 /O The general-purpose !/O port (port D) which can be set by program 
(88-89) - for input or output on a bit basis. When it is set for output, it 
(91-96) provides latch output. 


PEQ-PE7 


Output 

on 3-state 

Output 
on 3-state 

Output 

a 3-state 










The 16-bit address bus. 
These pins specify memory and I/O port addresses. During a 
refresh cycle, the refresh address is output to the low-order 7 bits. 









The general-purpose 1/O port (port A) which can be set by program 
for input or output on a bit basis. When it is set for output, it 
provides latch output. 
















The general-purpose |/O port (port B) which can be set by program 
for input or output on a bit basis. When it is set for output, it 
provides latch output. 












The general-purpose I/O port (port C) which can be set by program 
for input or output on a bit basis. When it is set for output, it 
provides latch output. 















The general-purpose 1/O port (port E) which can be set by program 
for input or output on a bit basis. When it is set for output, it 
provides latch output. 


Machine cycle 1 signal pin. In an Op code fetch cycle, this pin goes 
“0” with the MREQ signal. At the execution of a 2-byte Op code, 
this pin goes “O" for each operation fetch. In a maskable 


interrupt acknowledge cycle, this pin goes “0” with the |ORQ 
signal. When the EV signal is applied, this pin is put in the high- 
impedance state. 





The read signal pin. This signal indicates that the MPU is ready for 
accepting data from memory or an I/O device. The data from the 
addressed memory or I/O device is gated by this signal onto the 
MPU data bus. 

When the BUSREQ signal is applied, this pin is put in the high 
impedance state. 









The write signal pin. This signal active when the data to be stored 
in the addressed memory or I/O device is on the data bus. When 
the BUSREQ signal is applied, this pin is put in the high-impedance 
state. 





The memory request signal pin. When the execution address for 
memory access is on the address bus, this pin goes "0". During a 
memory refresh cycle, this pin also goes “0” with the RFSH signal. 
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re [emme me Pe 


Output |The input/output request signal pin. This pin goes “0” when the 
on 3-state 


address for an I/O operation is on the low-order 8 bits (AO through 
WAIT Input 


A7) for the address bus. The !ORQ signal is also output with the 
M1 signal at interrupt acknowledge to tell an I/O device that it can 
put the interrupt response vector onto the data bus. 

(22) 
_ 
a 
HALT Output 
3-state 
RFSH Output 
(26) 
goes "0". At the same time, the MREQ signal also goes active 
(“0”). , 
EV 1 Input |The evaluator signal pin. When “1” is applied to this pin, the M1 
(15) and HALT pins are put in the high-impedance state. In using the 
MPU of the ICE). 

















The wait request signal pin. This signal indicates to MPU that the 
addressed memory or I/O device is not ready for data transfer. As 
long as this signal is “O", the MPU continues to be in the wait 
State. 















The bus request signal pin. The BUSREQ signal forces the MPU 
address bus, data bus, and control signals MREQ, IORQ, RD, and 
WR to get in the high-impedance state. This signal is normally 
wire-ORed and required an external pullup resistor for these 
applications. 
















The bus acknowledge signal pin. In response to the BUSREQ 
signal, the BUSACK signal indicates to the requesting peripheral 
LSI that the MPU address bus, data bus, and control signals MREQ, 
IORQ, RD, and WR have been put in the high- impedance state. 









N N 
—_ Ne ee Ww 
~~ —— 


The halt signal pin. This pin goes “0” when the MPU has executed 
a HALT instruction and is in the halt state. It is put in the high- 
impedance state when the EV signals is applied. 


—, 
—_—> 
oO 

















The refresh signal pin. 
address is on the low-order 7 bits of the address bus, this signal 


When the dynamic memory refresh 








& 








TMPZ84C011A for an evaluator chip, giving the signal with 
BUSREQ electrically disconnects the MPU section and the chip 
operates following the instructions from other MPUs (such as the 









Input The test signal pin. Normally, this pin should be “0”. 
a 


Input The external clock/timer trigger input pins. These 4 CLK/TRG pins 
correspond to 4 channels. In the counter mode, the down- 
counter is decremented by 1 and, in the timer mode, the timer is 
activated by each active edge (a rising of falling edge) which are 
input at these pins. Whether the active edge is a rising or falling 
edge can be selected by program. 









(25) 







The zero count/time out signal output pin. In either the timer 
mode or counter mode, pulses are output from these pins when 
the counter value has reached zero. 
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Input The CTC interrupt enable input signal pin. This signal indicates 
(1) 


whether there is an interrupt by an upper peripheral LSIs in daisy- 
chaining. 
1 Output 
(87) 


XTAL1 2 Input 
XTAL2 (49) Output 
(48) 
MS1 2 Input 
MS2 (47) 
(46) 
CLK 1 Output 
(52) 
















The CTC interrupt enable output signal pin. This signal controls 
the interrupts by lower peripheral LSls in daisy chaining. This 
signal goes high only when the IEI pin is high and the MPU is not 
servicing the interrupt from the channel in the CTC. 











The crystal oscillator connection pins. 
Connect a resonator whose oscillation frequency is double the 
system clock (CLK output) frequency. 








The mode select input pins. The states of these 2 pins determine 
one of the 3 modes (Run, Idle, and Stop). 





The single-phase clock output pin. When the HALT instruction is 
executed in the Stop or Idle mode, the MPU and the CTC stop 
operating with the clock (CLK) output held at “0”. This output is 
used for the clock to other peripheral LSIs 











The reset signal input pin. This signal is commonly given to the 
MPU, CTC, I/O and CGC. It is also used for the restart signal from 
the halt state. 














z 
—+ 


The maskable interrupt request signal pin. The interrupt is caused 
by the CTC or peripheral LSls. The interrupt is accepted when the 
interrupt enable flip-flop (IFF) is set to “1” by software. The INT 
pin is normally wire-ORed, requiring to attach a pullup resistor 
externally. This signal is also used for the restart signal from the 
halt state. 









The non-maskable interrupt request signal pin. This interrupt 
request has a higher priority than a maskable interrupt and 
independent of the interrupt enable flip-flop (IFF) state. 
















NMI 1 Input 
(45) 





VCC 3 The power supply pin (+5 V). 
(27,51, 90) 

VSS 4 The ground pin (0 V). 
(28, 50, 77, 
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3. OPERATIONAL DESCRIPTIONS 
3.1 ENTIRE BLOCK DIAGRAM AND OPERATION OF EACH BLOCK 


3.1.1 Entire Block Diagram 
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Figure 3.1.1 Entire Block Diagram 
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3.1.2 Operation of Each Block 


The TMPZ84C011A largely consists of a processor (MPU), a counter/timer circuit 
(CTC), an input/output port section (I/O), and a clock generator/controller (CGC). 


e The MPU has all pins of the Toshiba TLCS-Z80 MPU, and its function is fully 
compatible with TLCS-Z80 microprocessor. 


e The CTC provides the capabilities of the Toshiba TLCS-Z80 CTC (TMPZ84C30A) 
and has the pins required to perform the necessary operations as a TLCS-Z80 | 
peripheral LSI. The four independent timer channels are I/O-addressed internally. 
It also has the [EI and IEO pins required for the daisy-chain interrupt to provide 
daisy-chaining with other peripheral LSIs. 


e The J/O consists of 5 general-purpose I/O ports, each made up of 8 bits. Each port 
can be specified by program for input or output on a bit basis. The 5 ports are 
assigned with I/O addresses, which are specified by program to make the ports 





perform I/O operations. When these ports are used for output ports, the output is 
latched, so that the data once output is held as it is until changed. 


e The CGC provided the 3 kinds of operation modes to control the entire 
TMPZ84CO11A chip; the Run, Idle, and Stop modes. The CGC provides the same 
function as the Toshiba TLCS-Z80 CGC (TMPZ84C60) and has the pin to select the 
Run, Idle, or Stop mode. 





° In the Run mode, the clock generated by the CGC is supplied to the 
TMPZ84C011A and peripheral LSIs to perform the normal programmed 
microcomputer operations. 


° In the Idle mode, clock oscillation is going on but the clock is not supplied to 
the TMPZ84C011A and peripheral LSIs, thereby saving the system power 
consumption. This mode shortens the time required for system restart. 





0 In the Stop mode, clock oscillation is not performed and the system operation 
can be stopped completely. In this mode, the system can be restarted with the 
internal data retained with an extremely low power consumption level 
unique to the CMOS technology.Note that these modes can be set only when 
the MPU has executed a HALT instruction. 


@ Additionally, the TMPZ84C011A has also the EV pin which is used to put the 
MPU in the high-impedance state for electrical disconnection, thus providing an 
evaluator chip. That is, the MPU in the TMPZ84CO11A is electrically 
disconnected by the EV pin and the BUSREQ pin to implement the emulation by 
the signal from the in-circuit emulator (ICE). 
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3.2. MPU OPERATIONS 


This subsection describes the system configuration, functions and the basic 
operations of the MPU of the TMPZ84CO11A. 


3.2.1 Block Diagram 
Figure 3.2.1 shows the block diagram of the MPU. 


Adress bus output circuit 
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Figure 3.2.1 MPU Block Diagram 
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3.2.2 MPU System Configuration 


[1] 


(1) 


The MPU has the configuration shown in Fig. 3.2.1. The address signal is put on the 
address bus via the address buffer. The data bus is controlled for input or output by the 
data bus interface. Both the address and data buses are put in the high- impedance state 
by the BUSREQ signal input to make them available for other peripheral LSIs. The 
Opcode read from memory via the data bus is written to the instruction register. This 
Opcode is decoded by the instruction decoder. According to the result of the decoding, 
control signals are sent to the relevant devices. Receiving these control signals, the 
ALU performs various arithmetic operations. The register array temporarily holds the 
information required to perform a given operation. 

The following describes the MPU’s internal registers and functions: 


Internal Register Groups 
The configuration of the internal register groups is as follows: 
(1) Main registers 
A, F, B, C, D, E, H, L 
(2) Alternate registers 
A’, F’, B’,C’, D’, BE’, WH’, LV’ 
(3) Special registers 
L Re lX.1Y SP PC 


Figure 3.2.3 shows the configuration of the internal register groups. The register 
groups, each being of a static RAM, consists of eighteen 8 bit registers and four 16-bit 
registers. The following describes the function of each register: 


Main registers (A, F, B, C, D, E, H, L) 
(a) Accumulator (A) 


The accumulator is an 8-bit register used for arithmetic and data transfer 
operations. 


(b) Flag register (F) (see Figure 3.2.2) 


The flag register is an 8-bit register to hold the result of each arithmetic 
operation. Actually, the 6 of the 8 bits are set (“1”)/reset (“0”) according to the 
condition specified by an instruction. 
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MSB | LSB 


7 6 5 4 3 2 1 0 
(+ = Undefined) 
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Figure 3.2.2 Flag Register Configration 
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Figure 3.2.3 Flag Register Configuration 
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The following 4 bits are directly available to the programmer for setting the jump, 
call and return instruction conditions: 


e Sign flag (S) 


When the result of an operation is negative, the 5 flag is set to “1”. Actually, the 
content of bit 7 of accumulator is stored in this flag. 


e Zero flag (Z) 


When all bits turn out to be “0” after operation, the Z flag is set to “1”. 
Otherwise, it is set to “O”. With a block search instruction (CPI, CPIR, CPD or 
CPDR), the Z flag is set to “1” if the source data and the accumulator data match. 
With a block I/O instruction (INI, IND, OUTI or OUTD), the Z flag is set to “1” if 
the content of the B register used as the byte counter is “0” at the end of 
comparison. 


e Parity overflow flag (P/V 


This flag has two functions. One is the parity flag (P) that indicates the result of 
a logic operation (AND A,B etc.). The P flag is set to “1” if the parity is even asa 





result of the operation on signed values by two’s complement. It is set to “O” is the 
parity is odd. With a block search instruction (CPI, CPIR, CPD or CPDR) and a 
block transfer instruction (LDI or LDD), the P flag indicates the state of the byte 
counter (register pair BC). It is set to “1” if the byte counter is not “O” and to “0” 
when the byte counter becomes “0” (at the end of comparison or data transfer). The 
content of the interrupt enable flip-flop (FF) is saved to the P flag when the 
contents of the R register or I register are transferred to the accumulator. 

The other use of the P/V flag is the overflow flag (V) that indicates whether an 
overflow has occurred or not as a result of an arithmetic operation. The V flag is 
set to “1” when the value in the accumulator gets out of a range of the maximum 
value +127 and the minimum value —128 and therefore cannot be correctly 
represented as a two’s complement notation. 

Whether the P/V flag operates as the P flag or V flag is determined by the type 
of the instruction executed. 


e Carry flag (C) 


The C flag is set to “1” ifa carry occurs from bit 7 of the accumulator or a borrow 
occurs as a result of an operation. 


The following two flags are not available to the programmer for the test and set 
(“1”)/reset (“0”) purposes. They are internally used by the MPU for BCD arithmetic 
operations. 
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(2) 


e Half carry flag (H) 


The H flag is used for holding the carry or borrow from the low-order 4 bits of a 
BCD operation result. When a DAA instruction (decimal adjust) is executed, the 
MPU automatically uses the H flag to adjust the result of a decimal addition or 
subtraction. 


e Add/subtract flag (N) 


In BCD operation, algorithm is different between addition and subtraction. The 
N flag indicates whether the executed operation is addition or subtraction. 
For how the flags change depending on the instruction, see 3.2.4 “TMPZ84C011A 
Instruction Set”. 


(c) General-purpose registers (B, C, D, E, H, L) 


General-purpose registers consist of 8 bits each. They are used as 16-bit register 
pairs (BC, DE, HL) as well as separate 8-bit registers to supplement the 
accumulator. The B register and the register pair BC are used as a counter when a 
block I/O, block transfer, or search instruction is executed. The register pair HL 
has various memory addressing features as compared with the register pairs BC 
and DE. 


Alternate registers (A’, F’, B’, C’, D’, E’, H’, L’) 


The configuration of the alternate registers is exactly the same as that of the main 
registers. There is no instruction that handles the alternate registers directly. The data 
in the alternate registers are processed by moving them into the main registers by 
means of exchange instructions as shown below: | 

EX AF, AF’ (AcA’, FoF’) 

EXX (BeB’, CoC’, DeD’, Eo’, HoH’, LoL’) 

When a high-speed interrupt response has been requested within the system, these 
instructions can be used to quickly move the data from the accumulator, flag registers, 
and general-purpose registers on the main or alternate side into the corresponding 
registers. This eliminates the need for transferring the register contents to/from the 
external stack during execution of the interrupt handling routine, thereby shortening 
the interrupt servicing time greatly. 
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(3) Special registers (I, R, 1X, 1Y, SP, PC) 


(a) 


(b) 


(c) 


Interrupt page address register (I) 


The TMPZ84C011A provides two kinds of interrupts: maskable interrupt (INT) 
and non-maskable interrupt (NMJ). The maskable interrupt provides three modes 
(0, 1, and 2) in which the interrupt is handled. These modes can be selected by 
instructions IMO, IM1, and IM2 respectively. In mode 2, any memory location can 
be called indirectly depending on the interrupt. For this purpose, the I register 
stores the high- order 8 bits of the indirect address. The low-order 8 bits are 
supplied from the interrupting peripheral LSI. This scheme permits calling the 
interrupt handling routine from any memory location in an extremely short access 
time. For the details of interrupts, see (IV) “Interrupt Capability”. 


Memory refresh register (R) 


The R register is used as the memory refresh counter when the dynamic RAM is 
used for memory. This perimits using of the dynamic memory in the same manner 
as the static memory. This 8- bit register is automatically incremented for each 
instruction fetch. While the MPU decoder executes the fetched instruction, the 
contents of the R register are synchronized with the refresh signal to place the low- 
order 7 bits on the address bus. This operation is all performed by the MPU and, 
therefore, need not perform a special processing by program. The MPU operation 
is not delayed by this operation. During refresh, the contents of the I register are 
placed on the high-order 8 bits of the address bus. 


Index registers (IX, LY) 


The two independent index registers IX and IY holds the 16-bit base address 
when used in the index addressing mode. In this addressing mode, the memory 
address obtained by adding the contents of an index register to the displacement 
value (for example, LD IX + 40H) is specified. This mode is convenient for using 
data tables. Also these registers can be used separately for memory addressing 
and data retaining registers. 
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(d) 


Stack pointer (SP) 


The stack pointer is a 16-bit register to provide the start address information in 
the stack area in the external RAM. The content of the stack pointer is 
decremented at the execution of a call instruction or PUSH instruction or interrupt 
handling and is incremented at the execution of a return instruction or POP 
instruction. At the execution of a call instruction or interrupt handling, the 
current content of the program counter is saved into the stack. At the execution of 
a return instruction, the content is restored from the stack to the program counter. 
These operations are all pereformed by the MPU automatically. However, the 
other registers are not saved or restored automatically. For the storing of these 
registers, alternate register exchange instruction (EX and EXX) ora PUSH anda 
POP instructions must be used. When a PUSH instruction is executed, the 
contents of the specified register are saved into the stack. When a POP instruction 


‘is executed, the contents of the stack are moved to the specified register. 


These data are restored on a last-in, first-out basis. Use of the stack permits 
processing of multiple-level interrupts, very deep subroutine nestings, and various 
data manipulation very easily. The stack pointer is not initialized in the hardware 
approach. Therefore, it is required to specify initialization (to the highest address 
in the stack) in the initialization program by allocating the stack area in RAM in 
during programming. | 


MEMORY SP Value 
eae ADDRESS before 
(HEX) Execution 
Low Save direction 1230 CALL 1500H FFF1 
FFEB 2 : | 
FFEC 
1500 PUSH AF FFEF A=05 F=23 
FFED 1501 PUSH BC FFED B=B2 C=CO 
FFEE 
| FFEF | 
—«FFFO : : 
High Restore 1600 POP BC FFEB 
direction 1601 POP AF FFED 


1602 RET FFEF 





MPUZ80-310 


TOSHIBA TMPZ84C011A 


[2] 


(1) 


The above example shows the stack pointer and stack operations in which the 
instructions starting with the CALL at address 1230H and ending at with the RET 
at address 1602H have been executed. However, it is assumed that there is no 
instruction or interrupt other than shown above that uses the above stack during 
the execution. When the value of the stack pointer before executing the CALL 
instruction at address 1230H indicates address FFF1H, address 1233H is stored at 
addresses FFFOH and FFEFH because the CALL instruction consists of 3 bytes, 
then the stack pointer is decremented. Similarly, the data are saved or restored 
sequentially according to the instructions. These stack and stack pointer 
operations are all performed automatically. 


(e) Program counter (PC) 


The program counter holds, in 16 bits, the memory address of the instruction to 
be executed next. The MPU fetches the instruction from the memory location 
indicated by the program counter. When the content of the program counter is put 
on the address bus, the program counter is incremented automatically. However, 
it is not incremented with a jump instruction, a call instruction, or interrupt 
processing. Instead, the specified new address set on it. With a return instruction, 
the content restored from the stack is set on the program counter. These 
operations are all performed automatically and therefore, transparent to the 
programmer. 


Halt capability 


When a HALT instruction has been executed, the MPU is put in the halt state. The 
halt capability can be used to halt the MPU against the external interrupts, thereby 
reducing the power dissipation. In the halt state the states of MPU’s internal registers 
are all retained. The halt state is cleared by reset or when an interrupt is accepted. For 
the details of halt operation, see [3] “Basic Timing”. 


Halt operation 


When a HALT instruction has been executed, the MPU sets the HALT signal to “0” to 
tell the outside that the MPU is going to get in the halt state. Actually, the MPU in the 
halt state continues executing NOPs if there is the system clock input. However, the 
program counter is not incremented. This keeps the refresh signal generated when the 
dynamic memory is used. During halt, the MPU’s internal states are retained. The 
TMPZ84C011A contains the clock generator/controller, easily implementing the clock 
input control for these halt operations. 
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Clearing the halt state 


The halt state is cleared by accepting an interrupt (the INT or NMI signal input) or by 


reset (the RESET signal input). When an interrupt is accepted, the halt state is cleared 
and the interrupt handling routine is executed. However, a maskable interrupt (INT) 
cannot be accepted unless the interrupt enable flip-flop (IF F) is set. 


Note that when the halt state is cleared by the RESET signal, the MPU is reset and 


the program counter is set to “O”. 


RESET Signal 


Holding the RESET pin at the low level (“0”) under the following conditions, the 


MPU’s internal states are reset: 


(1) 
(2) 
(3) 


The power voltage level is within the operational voltage range. 
System clock stabilization. 


Holding the RESET signal at the low level (“0”) for at least 3 full clock cycles. 
When the RESET signal goes high (“1”), the MPU starts executing instructions 
from address OOOOH after at least 2T state dummy cycles. 

When reset, the MPU performs the following processing: 


Program counter 
QOO0OH is set. 
Interrupt 


The interrupt enable flip-flop (IFF) is reset to “0” to disable the maskable 
interrupt. For the maskable interrupt processing, mode 0 is specified. 


Control output 


All control outputs are made inactive (“1”). Therefore, the halt state is also 
cleared. 


Interrupt page address register (I register) 
The content of the I register becomes 00H. 
Refresh register (R register) | 


The content of the R register becomes 00H. 
The registers other than above and the external memory do not change. Therefore, 
they must be initialized as required. 
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(1) 


Interrupt Capability 


The interrupt capability is used to pause the execution of the currently executed 
program upon request from a peripheral LSI, executing the requested processing before. 
Normally, this interrupt processing routine contains the data exchange and transfer of 
status and control information between the MPU and the peripheral LSI. When this 
routine has been completed, the MPU returns to the state before the interrupt was 
accepted. 

The TMPZ84C011A provides the non-maskable interrupt (NMI) and maskable 
interrupt (INT) capabilities which are detected by the NMI and INT interrupt request 
signals, respectively. A non- maskable interrupt, when caused by a peripheral LSI, is 
accepted unconditionally. This interrupt is used to support critical functions such as the 
protection of the system from unpredictable happening including power outages. A 
maskable interrupt can be enabled or disabled by program. For example, if the timer is 
used and, therefore, an interrupt is not desired, the system can be programmed to 
disable the interrupt. Table 3.2.1 lists the processing by interrupt cause. 


Interrupt enable/disable 


A non-maskable interrupt cannot be disabled by program, while a maskable 
interrupt can be enabled or disabled by program. The MPU has the interrupt enable 
flip-flop TFF). A maskable interrupt can be enabled or disabled by setting this flip-flop 
to “1” (set) or “O” (reset) through an EI instruction (enable) or a DI instruction (disable) 
in program. Actually, the IFF consists of two flip-flops IFF1 and IFF2. IFF1 is used to 
select between the enable and disable of a maskable interrupt. IFF2 holds the state of 
IFF1 effective before a nonmaskable interrupt has been accepted. Both IFF1 and IFF2 
are reset to “O” when any of the following conditions occurs, disabling an interrupt: 

Actually, the waiting maskable interrupt request is accepted after the execution of 
the instruction that follows the EI instruction. This delay by one instruction is caused 
by accepting an interrupt after completion of the execution of a return instruction if the 
instruction following the EI instruction is a return instruction. In the following 
operations, the contents of IFF1 and IFF2 are the same. 


@ MPU reset 
@ Execution of DI instruction 
e Acceptance of maskable interrupt 


Both IFF1 and IFF2 are set to “1” when the following condition occurs, enabling an 
interrupt: 


e Execution of EI instruction 
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Table 3.2.1 Processing by Interrupt Cause 


Interrupt 
Interrupt Source Priority | Programmed condition Vector address © return 
instruction 
Non-maskable interrupt 1 None Address 66H RETN 
(the falling edge of NMI) 


Instruction from 
2 IFF = 1 ModeO_ |peripheral LSI. (Note) 
| Normally, CALL or RST RETI 

Instruction. 
The address indicated by 
the data table (memory) 

Mode2_ |atthe address specified 
by | register (high-order 
8 bits) and data from 
peripheral LSI (low- 
order 8 bits, LSB = “0"). 
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Figure 3.2.4 Interrupt Enable Flip-Flop (IFF) 
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When a non-maskable interrupt has been accepted, IFF1 is reset to “O” (interrupt 
disable) until an EI or RETI instruction is executed to prevent a next interrupt 
accepting. For this purpose, the state (interrupt enable/disable) of IFF1 immediately 
before non-maskable interrupt acceptance must be stored. This state is copied into IFF2 
upon acceptance of a non-maskable interrupt. The content of IFF2 is copied into the 
parity flag at the execution of the following instructions, so that the copied data can be 
tested or stored: 


e The load instruction (LD A, I) to load from the I register to the accumulator. 
e The load instruction (LD A, R) to load from the R register to the accumulator. 


When the return instruction from the non-maskable interrupt (RETN) is executed, 
the content of IFF2 is copied back to IFF1. If an operation which changes the contents of 
IFF2 (due to the execution of EI or DI instruction, for example) has not been performed 
during interrupt handling. IFF1 automatically returns to the state which was effective 
immediately before the interrupt acceptance. Table 3.2.1 lists the states of IFF1 and 
IFF2 after the execution of interrupt- related instructions. 


Table 3.2.1 State of IFF1 and IFF2 


Operation sequence [FF 1 IFF2 


MIPU reset 

E| 

NMI acceptance 

LDA, | 

RETN 

LD A,R 

INT acceptance 

RET] 

E| 

NMI acceptance 

DI 

RETN 
Note : * =nochange. 110489 
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Interrupt processing 


With a non-maskable interrupt, the internal NMI flip-flop is set to “1” at the falling 
edge of the interrupt signal, NMI. The state of this flip-flop is sampled at the rising edge 
of the last clock of each instruction to accept an interrupt. A maskable interrupt is 
accepted if the interrupt signal INT is low (“0”) at the rising edge of the last clock of each 
instruction and the interrupt enabled state (IFF = 1 and BUSREQ signal = inactive 
(“1”)) is on. Described below is the processing to be performed after a non-maskable 
interrupt and a maskable interrupt are accepted: 
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Non-maskable interrupt (NMI) 
When a non-maskable interrupt has been accepted, the MPU performs the 
following processing: 
@ Theinternal NMI flip-flop is reset “0”. 
@  IFF1 is reset to “0”, disabling the maskable interrupt. 
The contents of the IFF1 immediately before the interrupt acceptance are 
copied into the IFF2. 
@ Thecurrent contents of the program counter are saved into the stack. 
@® The instructions starting from non-maskable interrupt vector address 66H 


are executed. 


The non-maskable interrupt processing program terminates by executing the 


RETN instruction. This return instruction performs the followings: 


® 
@ 


The contents of the current IF F2 are copied into IFF1. 


The contents of the program counter are restored from the stack. 


Acceptance of non-maskable interrupt (NMI) 


Execution of ordinary program 


Service routine 
Address 0066H Execution of RETN instruction 
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Figure 3.2.5 Non-Maskable Interrupt Processing 


Maskable interrupt (INT) 


When a maskable interrupt has been accepted, the MPU performs the following 


processings: 

@® BothIFF1 and IFF2 are reset to “0”, disabling the maskable interrupts. 

@  Thecurrent contents of the program counter are saved into the stack. 

@) Amaskable interrupt is serviced in one of the three modes 0,1 and 2. A mode 


is selected by executing the instruction IMO, IM1 or IM2 before the interrupt 
is serviced. The instructions are executed starting from the vector address 
corresponding to the selected mode. 
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@ Mode 0 


In mode 0, the interrupting peripheral LSI puts a restart instruction (RST) or a call 
instruction (CALL) on the data bus and the MPU executes the interrupt service 
routine according to that instruction. 


Acceptance of interrupt in mode 0 


Execution of ordinary program 






Address specified by CALL or Execution of RETI intruction. 


RST from peripheral LSI. 
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Figure 3.2.6 Interrupt Processing in Mode 0 
e@ Model 


When an interrupt is accepted in mode 1, restart is performed from address 0038H. 
Therefore, the service routine for this interrupt is programmed from the address 
0038H. 


Interrupt in mode 1 


Execution of ordinary program 


Service routine 
Address 0038H Execution of RETI instruction 
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Figure 3.2.7 Interrupt Processing in Mode 1 
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@ Mode 2 


The interrupt processing in mode 2 requires a 16-bit pointer consisting of the high- 
order 8 bits of the I register and the low-order 8 bits (with the LSB = “0”) of the data 
captured from the interrupting CTC or TLCS-Z80 family peripheral LSI. Therefore, 
the necessary value must be loaded in the I register beforehand. This pointer is used 
to specify the memory address in the table. The contents of the specified addresses 
and the next address provide the start address of the service routine. Therefore, use 
of this mode requires to present table of the service routine’s start address (16 bits) by 
program at convenient location. This location can be anywhere in memory. The LSB 
of the table pointer is set to “0” because a 2-byte data is needed to specify the service 
routine start address just in 16 bits and start that address from an even-number 
address. In the table, the start address begins with the low- order byte followed by the 
high-order byte as shown in Figure 3.2.8 


Interrupt in mode 2 


Execution of ordinary program 


Service routine 


Execution of 
RETI instruction 







peripheral LSI 
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Figure 3.2.8 Interrupt Processing in Mode 2 


Mode 2 is used in the daisy chain interrupt processing using the CTC and/or TLCS- 
Z80 family LSI. The CTC and TLCS-Z80 family perpheral LSIs all contain the 
interrupt priority controller of daisy chain structure. In this interrupt structure, the 
interrupt request signals are put in the series order and given priorities for 
processing when two or more maskable interrupt requests occur at a time. Only the 
interrupt vector from the peripheral LSI having the highest priority is put on the data 
bus. By receiving the vector interrupt in mode 2, the processing for that peripheral 
LSI can be performed. When an interrupt comes from a peripheral LSI having a 
priority higher than that of the current peripheral LSI during the execution of its 
interrupt processing routine, the new interrupt can be enabled by the EI instruction 
to form an interrupt nesting. 
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The maskable interrupt processing program terminates by executing an RETI 
instruction. This return instruction performs the following processing: 


e Restores the content of the program counter from the stack. 


e Notifies the requesting peripheral LSI of the termination of interrupt 
processing. 


3.2.3 MPU Status Transition Diagram and Basic Timing 


[1] 


The following describes the MPU status transition and the basic timing of each MPU 
operation. 


Instruction Cycle 


Each TMPZ84C011A instruction is executed by combining the basic operations of 
memory read/write, input/output, bus request/acknowledge, and interrupt. These basic 
operations are performed in synchronization with the system clock (the CLK signal). 

One clock period is called a state (T). The smallest unit of each basic operation is 
called a machine cycle (M). Each instruction consists of 1 to 6 machine cycles and each 
machine cycle, 3 to 6 clock states basically. However, the number of clock states in a 
machine cycle can be increased by the WAIT signal described later on. Figure 3.2.9 
shows an example of the basic timing of a 3-machine-cycle instruction. 

The first machine cycle (M1) of each instruction is the cycle in which the Opcode of 
the instruction to be executed next is read (this is called the Opcode fetch cycle). The 
Opcode fetch cycle basically consists of 4 to 6 clock states. In the machine cycle that 
follows the Opcode fetch cycle, data is transferred between the MPU and the memory or 
peripheral LSIs. This operation basically consists of 3 to 5 clock states. 


T cycle 


CLK 
Tm | 12 | 13 | 74 m | 12 | 13 m | 12 | 73 


Machine cycle 
<_< — > | x —_ > 
Mi M2 M3 


(Opcode fetch) (Memory read) (Memory write) 
nn 
Cycle instruction 
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Figure 3.2.9 Example of MPU Basic Timing (3-Machine-Cycle Instruction) 
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[2] Status Transition Diagram 
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Figure 3.2.10 Status Transition Diagram 


MPUZ80-320 


TOSHIBA TMPZ84C011A 


[3] 


Basic Timings 


(1) 


Opcode fetch cycle (M1) 


In the Opcode fetch cycle, MPU reads an Opcode from among the machine- 
language codes in memory. This is also called the M1 cycle for it is the first 
machine cycle to execute each instruction. 

Figure 3.2.11 shows the basic timing of a basic Opcode fetch cycle. In clock state 
T1, the content of the program counter is put on the address bus. The M1 signal 
goes “0”, telling the outside the MPU that this is the Opcode fetch cycle. At the 
same time, MREQ and RD signals go “0”. When the MREQ signal goes “0”, the 
address signal has already been stabilized. Therefore, this signal can be used for 
the memory chip enable signal. The RD signal indicates that the MPU is ready to 
accept the data from memory. By these signals, the MPU accesses memory to put 
the Opcode in the instruction register. The MPU samples the WAIT signal at the 
falling edge of clock state T2. If the WAIT signal is “0” at the falling edges of clock 
state T2 and the following wait state (Tw), the next state becomes clock state Tw. 
Figure 3.2.12 shows the delay state of the Opcode fetch cycle caused by the WAIT 
signal. 

The data (Opcode) on the data bus is fetched at the rising edge of clock state T3 
then, at the rising edges of the same state, the MREQ, RD, and M1 signals go “1”. 
In clock state T3, a memory refresh address is put on the low-order 7 bits of the 
address bus and the RFSH signal goes “0” and the MREQ signal goes “0” again. 
This signal indicates that the memory refresh cycle is on. At this time, the contents 
of the I register are on the high-order 8 bits of the address bus and the 7 bits of the 
R register contents are on the low-order 7 bits of the address bus. By using the 
RFSH and MREQ signals, memory refresh is performed in clock states T3 and T4. 
However, the RD signal remains “1” because the contents of the memory refresh 
address are not put on the data bus. 

In clock state T4, the MREQ signal returns to “1”. The refresh address is kept 
output until the rising edge of the clock state T1 of the next machine cycle, during 
which the RFSH signal is also “0”. The cycle delay state caused by setting the 
WAIT signal to “0” is the same with the memory read/write, input/output, and 





maskable interrupt acknowledge cycles. The following description the diagram of 
the cycle delay state caused by the WAIT signal’s going “0” is omitted. 
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Figure 3.2.11 Opcode Fetch Timing 
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Figure 3.2.12 Opcode Fetch Timing Including Wait State 
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(2) Memory read/write operations 


Figure 3.2.13 shows the basic timing of memory read/write operations (except for 
the Opcode fetch cycle) in the same diagram for convenience. 

In each case, the memory address signal to read/write data on the address bus is 
output in clock state Tl. The operation in which the WAIT signal is sampled in 
clock state T2 and the following Tw state is the same as the Opcode fetch cycle. 

In memory read, memory data is put on the data bus by the address, MREQ, and 
RD signals. The MPU reads this data. 

In memory write, the memory address signals is put on the address bus then the 
MREQ signal is set to “0” to put the write data onto the data bus. When the data 
bus has been stabilized, the WR signal is output in clock state T2. The WR signal 
can be used for the memory write signal. 


<— Formemoryread cycle —»/<—— Formemorywrite cycle ——~> 
TY Tz T3 Ty 12 T3 
~ ee ee ee ee 
Memory address Memory address 
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Figure 3.2.13 Memory Read / Write Cycle Timing 
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Input/output operations 


Figure 3.2.14 shows the basic timing of input/output operations. The feature of 
the I/O operation timing is that, regardless of the state of the WAIT signal in clock 
state T2, the I/O cycle automatically gets in the wait state (Tw*) after clock T2. 
The WAIT signal is sampled at the falling edge of Tw*. If the WAIT signal is “0” 
at the falling edges of Tw* and the following clock state, the I/O cycle moves into 
clock state Tw. Clock state Tyw* is inserted because the IORQ signal goes “0” in 
clock state T2, so that it is too late to sample the WAIT signal after decoding the 
I/O port address. In each of input and output operations, the I/O port address is put 
on the low-order 8 bits of the address bus in clock state Tl. On the high-order 8 
bits, the contents of the accumulator or B register are output. In clock state T2, the 
IORQ signal goes “0” instead of the MREQ signal. The IORQ signal can be used as 
the chip enable signal for a peripheral LSI. 

In an input operation, the contents of the input port are read onto the data bus 
by the address, IORQ, and RD signals. The MPU reads this data. 

In an output operation, the output port address and the output data are 
respectively put on the address bus and data bus in clock state T1; the IORQ and 
WR signals goes “0” in clock state T2. The WR signal can be used as the output 
port write signal. 
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Figure 3.2.14 |/O OPperation Timing 


MPUZ80-324 


TOSHIBA TMPZ84C011A 


(4) 


Bus request and bus acknowledge operations 


Figure 3.2.15 shows the basic timings of bus request and bus acknowledge 
operations. 

The 3-state address bus (A0 through A15), data bus (DO through D7), MREQ, 
IORQ, RD, and WR signals controlled by the MPU can be put in the high- 
impedance state (floating) to electrically disconnect them from the MPU. This 
operation, by sampling the BUSREQ signal at the rising edge of the last clock of 
each machine cycle, starts with the rising edge of the next clock if this signal is 
found “0”. Subsequently, these buses are controlled by peripheral LSIs. For 
example, data can be directly transferred between memory and these peripheral 
LSIs. This state is cleared if the BUSREQ signal is found “1” by sampling it at the 
rising edge of each subsequent clock state (Tx), executing the next machine cycle. 
During the floating state, the BUSACK signal is “0” to tell the peripheral LSIs of 
it, 

In this state, however, no memory refresh is performed and, therefore, the 
RFSH signal is set to “1”. Hence, to maintain this state for a long time with a 
system using dynamic memory, memory refresh must be performed by the 
external controller. 

Note that, in the floating state, neither maskable (INT) nor non-maskable 
(NMI) interrupts can be accepted. 
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Figure 3.2.15 Bus Request and Bus Acknowledge Timing 
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Maskable interrupt acknowledge operation 


Figure 3.2.16 shows the basic timing of the maskable interrupt acknowledge. 

The MPU samples the maskable interrupt request signal (INT) at the rising 
edge of the last clock of each instruction execution. If the INT signal is found “0”, a 
maskable interrupt is accepted except in the following cases: 


e The interrupt enable flip-flop is reset to “0”. 
e The BUSREQ signal is “0”. 


When a maskable interrupt has been accepted, a special Opcode fetch cycle is 
generated. In this cycle, 2 clock states of wait state (Tw*) is automatically inserted 
after the clock state T2. The WAIT signal is sampled at the falling edge of the 
second clock state Tw”* and the following clock state Tw and, if the WAIT signal is 
found “0”, the instruction cycle, gets in the next clock state Tw. In this Opcode 
fetch cycle, the IORQ signal goes “0” in the first Tw* state instead of the MREQ 
signal while in a normal Opcode fetch cycle the MREQ signal goes “0” in clock 
state Tl. This tells the maskable interrupt requesting LSI that it can put the 8-bit 
interrupt vector on the data bus, then reads this data to perform interrupt 





processing. Therefore, the contents of the program counter put on the address bus 
are not used. Unlike an ordinary I/O operation, the RD signal does not go “0”. 

In the clock state T3, the memory refresh address signal is put on the address 
bus for memory refresh like normal Opcode fetch cycle and the RFSH signal goes 
“QO”, In the subsequent machine cycles (M2 and M3), the current contents of the 
program counter are saved into the stack. In the machine cycles M4 and M85, the 
contents of the I register (the high-order 8 bits) and the contents of the address 
indicated by the address of the vector (the low-order 8 bits) from the CTC or the 
peripheral LSIs connected externally are put in the program counter. 
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Figure 3.2.16 Maskable Interrupt Acknowledge Timing 


(6) Non-maskable interrupt acknowledge operation 


Figure 3.2.17 shows the basic timing of non-maskable interrupt acknowledge. 

When the non-maskable interrupt request signal (NMI) goes low, the internal 
non-maskable flip-flop is set to “1”. The NMI signal is detected in any timing of 
each instruction. However, the internal NMI flip-flop is sampled at the rising edge 
of the last clock of each instruction. Therefore, the NMI signal should go low until 
the last clock state of an instruction 

The Opcode fetch cycle for non-maskable interrupt acknowledge is generally the 
same as the ordinary Opcode fetch cycle. However, the Opcode on the data bus at 
the time is ignored. The current contents of the program counter are saved into the 
stack in the subsequent machine cycles (M2 and M38). In the following machine 
cycle, the operation jumps to address 0066H, the non-maskable interrupt vector 
address. The machine cycles after these depend on the contents of the fetched 
Opcode. 


MPUZ80-327 


TOSHIBA 


TMPZ84CO11A 


—last M cycle. §_ > -<$ SS ws_— 


CLK 


NMI 


NMI internal 
latch 


Ao~A 


= 








Program counter 
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(7) 


Halt operation 


Having fetched a HALT instruction in the Opcode fetch cycle, the MPU sets the 
HALT signal to “0” in synchronization with the falling edge of clock state T4 to tell 
peripheral LSIs of the fetch and stops operating. if the system clock is kept 
supplied in the halt state, the MPU continues executing NOP instructions. This is 
done to output refresh signals when the memory is used. The NOP instruction 
execution cycle is the same as the ordinary Opcode fetch cycle in which the data on 
the data bus are ignored. 

The halt state is cleared when an interrupt is accepted or the RESET signal is 
set to “0” to reset the MPU. Figure 3.2.18 shows the halt state clear operation by 
interrupt acknowledge. An interrupt is sampled at the rising edge of the last clock 
(clock state T4) of the NOP instruction. A maskable interrupt can be accepted 
when the INT signal is “0”. A non-maskable interrupt is accepted when the 
internal NMI flip-flop which is set at the falling edge of the NMI signal is set at 
“1”. However, it is required that the interrupt enable flip-flop is set to “1” for a 
maskable interrupt to be accepted. The interrupt processing for the type of the 
accepted interrupt gets started from the following cycle. 

However, when the supply of the system clock from the CGC has been stopped 
by the power down operation, it is required to restart the supply of the system clock 
and input the INT signal until the execution of one instruction is completed or the 
RESET signal at least 3 clocks are output. Figure 3.2.9 shows the timing of 
clearing the halt state caused by power down. 

For the reset opration, see (8) “Reset operation” below. Note that the INT and 
NMI signals are shown on the same diagram in Figures 3.2.18 and 3.2.19 for 
convenience. 
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Figure 3.2.18 Timing of Clearing Halt State Caused by Interrupt Acknowledge 
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Figure 3.2.19 Timing of Clearing Halt State Caused by Power Down 
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(8) Reset opration 


Figure 3.2.20 shows the basic timing of reset operation. 

To reset the MPU, the RESET signal must be kept at “0” for at least 3 clocks. 
When the RESET signal goes “1”, instruction execution starts from address 0000H 
after a dummy cycle of at least 2 clock states. 


Dummy cycle M1 of address 0 
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Figure 3.2.20 Reset Timing 


To clear the power down state by the RESET signal, the RESET signal must be 
input until 3 clocks or more are supplied by restarting the supply of the system 
clock from the CGC. 
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Evaluation operation 
Each of the MPU signals (A0 through A15, DO through D7, MREQ, IORQ, RD 
WR, HALT and M1) can be put in the high-impedance state by EV and BUSREQ 
signals to electrically disconnect them from the system 
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Figure 3.2.22 Block Diagram of the TMPZ84C011A Functioning As Evaluator 
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3.2.4 TMPZ84C011A Instruction Set 


This subsection lists the TMPZ84C011A instruction codes and their functions. The 
table below lists the symbols and abbreviations used to describe the instruction set. The 
symbols which require special attention are described in the locations in which they 
appear. 


e Symbols (1/2) 


















Register Register B,C, D,E,H,L,A, 
Register pair BC, DE, HL 
Stack pointer SP 
Register pair BC, DE, HL, AF 
Register pair BC, DE 
Index register IX 
Stack pointer SP 
Register pair BC, DE 
Indexregister | IY 
Stack pointer SP 
Higher register of register pair 

(B, D, H) 






Higher 8 bits of stack pointer (SP) 
Higher register of register pair 

(B, D, H, A) 
Higher 8 bits of index register IX 
Higher 8 bits of index register lY 
Higher 8 bits of program counter (PC) 
Lower register of register pair 

(C, E, L) 
Lower 8 bits of stack pointer (SP) 
Lower register of register pair 

(C, E, L, F) 
Lower 8 bits of index register IX 
Lower 8 bits of index register lY 
Lower 8 bits of program counter (PC) 
Bit b (0-7) of register (B, C, D, E, H, L, A) 
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® Symbols (2/2) 


Memory Memory address represented in 16 bits. 

m indicates higher 8 bits and n, lower 8 bits. 

Bit b (0-7) of the contents of the memory 
address indicated by register pair HL. 

Bit b (0-7) of the contents of the memory 
address indicated by the value obtained by 
adding 8-bit data d to the content of index 
register IX. 

Bit b (0-7) of the contents of the memory 
address indicated by the value obtained by 
adding 8-bit data d to the content of index 
register lY. 





















Reset to “0” by operation. 
Set to “1" by operation. 


Flag change symbol 











No change 






Affected by operation 

Undefined 

Handled as parity flag. 
P=0: odd parity 
P=1: even parity 















Handled as overflow flag. 








V=0: Nooverflow 
V=1: Overflow 

















Operator Transfer 
Exchange 
Add 
Subtract 


Logical and between bits. 








Logical or between bits. 






Exclusive or between bits 






Others [FF Interrupt enable flip-flop 
Carry flag 


Zero flag 
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TMPZ84C011A Instruction Set (1/9) 


anes Assembler 
ee 


40+rx 8+g 


Function 


46+rx8 
r,(IX+d) DD 
46+rx8 
d 
r,(1Y+d) FD 
46+rx8 
d 
70+r 
(IX+d),r DD (IX+d)er 
70+r 


(1Y+d),r (1Yt+d)er 


(HL),n (HL)«n 


LOAD 


(IX+d), n (1X+d)«n 


DATA 


(IY+d),n (1Y+d)en 


Tt 


8 - B 


A«(BC) 
A«(DE) 
Ae(mn) 


(BC)+«A 
(DE)«A 
(mn)+A 


16-BIT DATA 





Note : 1,gmeans any of the registers A,B,C,D,E,H,L. 
IFF in “Flag” column indicates that the content of the interrupt enable flip-flop is copied into the P/V flag. 120489 
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TMPZ84C011A Instruction Set (2/9) 


Object code 
Assembler 
mnemonic Hex 


C5+q x 10 


DD 
E5 
FD 
E5 
Citqx 10 


DD 
El 
FD 
E1 


Note :  tisany ofthe register pairs BC, DE, HL, SP. 
q is any of the register pairs AF, BC, DE, HL. 


(PAIR), (PAIR), refer to high order and low order eight bits of the register pair respectively. (Ex) BC, =C, AF, =A. 


*4 : EXCHANGE 


Function 


He(mn+1) 
L«(mn) 


ty«(mn+1) 
ti«(mn) 


IXye(mn+1) 
IX_«(mn) 


TYy*(mn+1) 
TY_+(mn) 


(mn+1)«H 
(mn)eL 


(mnt+t)<ty 
(mn et 


(mnt+i)+IXy 
(mn )+IXi 


(mn+1)«1Yy 
(mn )«1Y, 


SP+HL 
SP+IX 


SP<IlY 


(SP-2)«q_,(SP-1)«qy, 
SP«SP-2 
(SP-2)+IX;,(SP-1)«IXy 
SP«SP-2 

(SP-2)«1Y, ,(SP-1)*1Yy 
SP<«SP-2 

Que (SP+1),qL«(SP), 
SP«SP+2 
IXpye(SP+1),1XL«(SP) 
SP«SP+2 
IYye(SP+1),1YL«(SP) 
SP<SP+2 

DE «HL 

AF AF’ 

BC BC’ ,DE@DE’ ,HL<HL’ 
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TMPZ84C011A Instruction Set (3/9) 


ITEM/ 


CLASSI 


-FICA- 
TION 


SEARCH 


BLOCK TRANSFER 
LOCK 


B 


LOGICAL 


ND 


A 


ARITHMETIC 


8-BIT 


Object code 


Assembler 


mnemonic 


E3 
DD 
E3 


Function 


He (SP+1),L(SP) 
IXy(SP+1) 

IX_ (SP) 

TYy@(SP+1) 

IYL (SP) 
(DE)+(HL),DE«DE+1 
HL+HL+1,BC«BC-1 
(DE)«(HL) ,DE+DE+1 
HL¢HL+1,BC+BC-1 Repeat until 
BC=0 

(DE)«(HL),DE*DE-1 
HL+HL-1,BC+BC-1 
(DE)«(HL) ,DE+DE-1 
HL©HL-1,BC«BC-1 Repeat until 
BC=0 

A-(HL) 

HL¢HL+1,BC+BC-1 
A-(HL),HL+HL+1,BC+BC-1 
Repeat until A=(HL) or BC=0 
A-(HL) 

HL+HL-1,BC«BC-1 


«[BC< >0] 
«[BC=0] 


«[BC< >0] 
«[BC=0] 


«[BC< >0 & 
A< > (HL)] 
R[BC=0 or 
A= (HL) ] 


eee ee eee eee ees Cee eee eee er ere rere ree ee eee eres eee eee eee eee eee ee errr ee ee eee eee ee Cee De wvn er ere e Panera bere sev ene neces sumalorncebewserebssces 
. . . . . - ° 


Note ; 


A, (HL) 
A,(1X+d) 


A, (IY+d) 


(HL) 
(IX+d) 


(1Y+d) 


*N Z flag is 1 if A=(HL), otherwise Z =0. 


[ Jindicates the total condition of the number of cycles and states indicated by arrow. 


A-(HL),HL*HL~-1,BC+BC-1 
Repeat until A=(HL)or BC=0 
AcAtr 

AcA+n 

AcA+(HL) 

AtA+(1X+d) 


AtA+(1Y+d) 


AcAtr+CY 
AcA+n+CY 


AcA+(IY+d)+CY 


AcA-r 
AcA-n 
AcA-(HL) 
AtA-(IX+d) 


AtA-(IY+d) 





*M_ PWV flag is 0 if the result of BC - 1 = 0, otherwise P/V = 1. 


r means any of the registers A,B,C, D,E,H, L. 
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TMPZ84C011A Instruction Set (4/9) 


ITEM/ Object code 
: i Function 
-FICA- mnemonic Binary Hex 


TION 76 543 210 4 
r 


011 errr AtA-r-CY 

011 110 AeA-n-CY 

nnn nnn 

011 110 AcA-(HL)-CY 
011 101 AcA-( 1X+d)-CY 
011 110 


ree 
000 
001 
010 
011 
100 
101 
111 


rPrPrermamouno WI54 





AtA-(1Y¥+d)-CY 


AcAAr 
AcAAn 


ACAA(1Y+d) 


AcAyr 
AcAyn 





(1X+d) AcAV(1X+d) 


(IY+d) AcAV(1Y+d) 


AcAyr 
AcAyn 


(HL) A-(HL) 
(1X+d) A-(IX+d) 


(IY+d) A-(1Y+d) 


(1X+d) (1X+d)@(1X+d)+1 





Note : rmeans any of the registers A, 8, C, D, E,H, L. 120489 
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TMPZ84C011A Instruction Set (5/9) 


ITEM/ Object code 
-FICA- mnemonic Binary Hex 
FD 


INC (1Y+d) 11 
00 
dd 

00 rer-1 

00 

11 (IX+d)«(1X+d)-1 
00 
dd 

(1Y+d) 11 (1Y¥+d)«(IY+d)~1 
00 
dd 


Function 


(IY+d)#(IY+d)+1 


8 -BIT ARITHMETIC 


rPreemoaon wWIi4a 





Decimal adjust accumulator 
AcK 
Ac0-A 


cY+CY 

CY+i 
MOE cointcebuetededs Gah ee eek eed skits no operation oc dTdetea Xe dane 
Fe UO al OU team eaaalh a Rr ee on ee 

IFFO 

IFFei 


Set interrupt mode 0 


Set interrupt mode 1 


Set interrupt mode 2 


uw 
WwW 
Oo 
a 
oc 
> 
a 
i 
I 
<{ 
4 
uw 
2 
uw 
O 


O9+t x 10 HL«HL+t 





ED HL*©HL+t+CY 
4A+tx 10 
ED HL©HL-t-CY 
42+tx 10 
DD IX¢IX+p 
09+px 10 
FD IY¢lY+s 
O09+s x 10 
03+t x 10 tet+1 
DD IX¢IX+1 
23 
FD IY+IY+1 
23 
OB+t x 10 t«t-1 
DD IX+IX-1 
2B 
FD IY+IY-1 

fb 

5 

ioe 

Note : — ssisany of the register pairs BC, DE, HL,SP. PP is any of the register pairs BC, DE, IX, SP. 
rr is any of the register pairs BC, DE, lY, SP. 120489 
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TMPZ84C011A Instruction Set (6/9) 


Object code 
Assembler 
ae Function 


00 010 111 


RLC r rer 
000 
001 
010 
011 
100 
101 


111 


RLC (HL) 


RLC (IX+d) Jaa 
L cy j«4 7 © 0 


r,(HL),(IXtd),(1Y+d) 


PrxmrmMmMoo ws 





RLC (1Y+d) 





r,(HL),(IX+d),(1Y+d) 





RRC r 


RRC (HL) 


ie (ie) 
r, (HL), (IX+d), (1Y+d) 
RRC (IY+d) 


RR 


RR (HL) 


RR (IX+d) r, (HL), (IX+d) 





Note : r means any of the registers A, B,C, D, E,H, L. 120489 
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TMPZ84C011A Instruction Set (7/9) 





ITEM/ Object code 
CLASSI Assembler 
ot tee Function 


RR (IY+d) 111 FD 
001 
ddd 
011 


eee ee eee eee eee Ce eee eee eee ee eee ee eee eee ee Cee eee ee Cee ee eee eee ee eee eee ee Co eee eee eee Te ee eee eee ee ee) ed 


001 
100 


eee eee eee eee eee Cee eee ee eee eee eee eee ee eee ey 


(HL) 001 
100 


eee eee eee ees Cee eee eee eee eee eee ee ee) 


(IX+d) 011 
001 es 7+ 0 j~«<— 0 
ddd r,(HL),(IX+d), (1Y+d) 
100 
Sitawiea ae ee 
001 
dd ddd 
sane 00: 100; 740... ; ORC a PTET ORES) RE A nn een PERE en [more ee 
foe a Face 7 tag Pomme ec dates [obeeape sdelba yea eonweudeaseapeadovess cues 
00 101 
Ser reey Oe ar cree ian hme 
00 101 
‘SRA (IX+d) | 11 011 _ 
11 001 
ddd 
nT bse MOT oO ee, 7 r, (HL), (1X+d), (1¥+d) 
nck tedee spin ymevaced tant wr oess ei tn ga 
001 
ddd 
Oe rr rere? nee ; due signe Sheet eal 
ddoueddkaaliee ee Pia sien | aa Le ae a Sache 
eet toa, 114 
ae dd asteesada| Brees yee 
bie wise te reetictel ats 111 
etek a ae aa 
001 


ddd o—>[7 > 0 [cy] 


111 r,(HL),(IX+d), (1Y+d) 


r 
B 
C 
D 
E 
H 
L 
A 





*4 


AL7_4[3 0 | (HL) 


*1 


Fl a a ne] Ce ne aan aes Om, meee Same 


CB _ 
46+bx8 Z«(HL)p 


BIT SET 
RESET AND TEST 


b 
0 
1 
2 
3 
4 
5 
6 
7 





Note : *1: Rotate digit left and right between the accmulator and location (HL). 
The content of the upper half of the accumulator is unaffected. 
The notation (HL), indicates bit , (0 to 7) within the contents of the HL register pair. 
The notation r, indicates bit , (0 to 7) within the r register. 120489 
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TOSHIBA TMPZ84C011A 


TMPZ84C011A Instruction Set (8/9) 


ITEM/ Object code 

ee, bee le en 

-FICA- mnemonic Binary Hex 

TION 76 543 210 Rd 
DD 


b,(1X+d) 


Function 


CB Z«(IX+d)p 
d 
46+bx8 

b,(1Y+d) 


Z«(1Y+d)p 


46+bx8 


eee es eC ee ee ee ee ee ee eee, ee ee eee ee ee ey 


b,r CB rpel 
CO+b x 8+r 


ee ee ee Ce ee ee ee eee ee ee ee ee ee ee ee ee ee eee eee Cee eee, Ce ee ee ee ee ce ee Cs cy 


b, (HL) CB (HL) ped 
C6+b x8 


ee ee ee ee ee ee ee Ce ee ee eee eee eee eee Pee ee eee. eee ee eee, ee ee ee eee Les re Cr rr 


b, (IX+d) (IX+d)pe4 


PrermetemMmonN wy 


b, (1Y+d) (1Y+d)pe 


Choo 
80+b x 8+r 


b, (HL) CB (HL) po 
86+b x8 


b, (1X+d) (IX+d)p«0 





b 
0 
1 
2 
3 
4 
5 
6 
7 


ee ee es ee ee eee eee eee ee eee ee eee eee ee eee Perry 


b, (1Y+d) (IY+d)p«0 





i gids setsGawie ead bing Hbalhnaaco ata e toes) Gab oo ste da wiawe ts wullumie entiee etleth eta adsee |eaiveu taehiouthcs e represents the 
te ba Shr da oes aa hoo eeu wags te cuats sis ok ae En a ree ae : - ae : sie a 
n (Only when condition is met) relative 
ae ; : addressing 
b aides sctaaate tase edece [vast see suche tai ceedsjeeetianeee ceraed? pe os re prc ee oak graeme ae Vidas fiestas AIR 
a ae oe ee os eisasigned 
two's 












td 2 ee ee ee eee Cee ee ees Cee eee eee ee ee ee ee ee eee eee ees Cee Ce ee eee eee eT eee ee eee ee eee ee) ee Ce 


If C=0, continue 


Cee eee ee eee eee eee ee eee eee eee ee eee eee eL ee ee eee eee ee eee ee eee ee er ees Cee! ery 


If C=1, PC«$+e 


if C=0, PC<$+e 


if C=1, continue 


ee es ee eee ee ee ee ee eee eee eee eee ee ee eee ee ee eee eee ee eee eee eee ee eee eee eee ee eT eee eee See Pee! Cre oe ee 


lf Z=0, continue 


eee eee eee ee eee ee eee eee eee eee eee eee, Seer eee ee eee res Cece eee eee Pee ee Ce) er 


If Z=1, PC«$+e 


et ee ee ee es ee ee ee eee ce ee eee eee eee eee ee ee ee eee ee eee eee ee eee eee, eee ere eee eee? Cee eee eee Cees eer ris 


lf Z=0, PC<$+e 


>< [>< 
ho 


complement 
number inthe 


~< 


range of 
-1268e $129 


P< [>< IK DDK 


~< 
e 


PC¢HL 





Condition 





Note: ® a=e-2 inthe Opcode provides an effective address of PC + e as PC is incremented by 2 before the addition of e. Nonizero 
® $ indicates the reference to the location counter value of the current segment. ree 
@ The notation (HL)p, (IX + d), indicates bit , (0 to 7) within the contents of the register pair. No-carry 
@ The notation rp, indicates bit , (0 to 7) within the r register. Carry 
® 


a = e@-2 in the op-code provides effective address of PC +e as PCis incremented by 2 prior to the addition of e. Odd Parity 


Even Parity 
Sign Positive 
Sign Negative 
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TMPZ84C011A Instruction Set (9/9) 


Object code 


11 DD 


eee eee ee ees Cee eee cece ee ee eee eee ee eee Cees eee eee ee eee eee eee eee ee eee eee eee eee Peer ee eee Peer ee eee eee eee eee ee ee ee eee Se ees Ce) ee 


PC+(IY) 


























Assembler 





. Function 
mnemonic 







PC+(1X) 





(SP-1)«PCy, (SP-2) «PCL 
PCemn 
SP«+SP-2 


eee ee ee ees ce ee eee eee ee eee eee Ce ee eee ee ee ee ee eee Cee eee eee ee eee ee ee ee 


lf condition cis met, same as 
CALL mn. 


eee eee ee ee ee eee eee ee Cee eee. eee eee eee eee ee ee cee Cee) re ay 


If condition c is not met,continue 


eee ee es ee ee eee eee ee eee eee Cee eee eee ee ee eee ee eee eee eee eee Core ee eee ee eee Te ee eee ee ee ee eee eee) eee 


PCy*(SP), PCye(SP+1) 
SP¢SP+2 


eee ees Ce ee ee ee eee ee Ce ee ee eee ee ee ee Ce i ee) 


if condition cis met, same as RET. 


eee eee ee eee eee eee eee ee ee ee eee eee eee. ee eee ee en) cer) 


If condition c is not met,continue 


cdvindesd dines cea deesdew eda) sate viele caret wily Cadae td ee eeaaeenteakeeends Soin perce ina: Bie eA Nice Gunisen HORS oe bade ka gc beatae ee ra Vere hate eeee Mes 
routine 

Return from non-maskable 

ss cuddatouettleubal ee ae ak IMPerTUpE PrOCESSING FOUTING:. mM cast ivauseh ssilaes wavutscapeeadedicctovec tuk: eauccit dons 
wor estadweebhneat Pea pr eetas se vated sia bsiossi cad ue Seba nee aca eenladennabiee = 

PCyeO , PC) <j, SP<SP~2 
Ae(n) 
sa hetaczecen co Nwnsiccre see ane tig wo Maal PPO AT pA NO AND accel cest lcci’ pdSestoee i stack bask Seuen ae A ee h lt 
i Lease genece denies eee} Ector Wee 4 ediuschaven debbie cd abieutea de 
40+rx8 will be affected. 


Cee ghee enn men, Tete e SRE 1 RP ORE RE, Sa Tene, fin ere 
Ramee mem erste meres serra ssbesse esses ssere esr ease deere seer essere ted e esas terse trea mete sm eres Beets eee EEer er nen Es tanec tae neDereeeseEsssEbereeeeesBereesessenrespareasehseres 


(HL)«(C),BeB—-1,HL*HL+1 






























Pr-rermuoun win 









(HL)<(C),BeB-1,HL+HL+1 
Repeat until B=0 












+[B<>0] 
«[B=0] *{ 


(HL)«(C),B<B-1,HL+HL-1 
Repeat until B=0 

(n)«A 
n—A0~A7 , A>A8~A15 


ee es Ce ee Pee ee eee eee ee ee ee eee eee eee eee eee eee Cece eee eee reer e eee ee eee ee ee eee ee ee eee ee ees Cee eee ey 


(C)er 


<[B<>0] 
«[B=0] 









41+rX8 


ee ee ees oe ee ee ee ee eee eee ee Ce ee eee Cee ee ee ee ee ee eee eee Cee eee eee ee eee ee eee eee eee eee ee ees eee ere 


ED (C)*(HL) ,BeB-1,HL¢HL+1 
A3 


et es ee ee ee eee cee eee ee ee ee ee ee eee ee eee ee eee ee Cee ee ee eee ee eee Te eee ee eee, See ee ee ee ee ee es 


ED (C)«(HL) ,BeB-1,HL©HL+1 
B3 Repeat until B=0 


a ge ae ea sient s vee veiled (eyecHiL) Belt HoeHL cd sable Sead vec eSL ou Tceminhs MeidGneee orgs ae eye daredeeleeseep whe tele sees 
AB 


ED (C)*«(HL) ,B«B-1,HL*©HL-1 
BB Repeat until B=0 



























B40] 
-[B=0] |"! 




















<[B<>0] 
<[B=0] 










*1 C->A0~A7 


Note: @ *M ifthe result of B —1 is zero, the Z flag is set, otherwise it is reset. 
g BA8~A15 


@ AOQthrough A15 indicate the address bus. 
@ [ Jindicates the total condition of the number of cycles and states 
indicated by arrow. 


Non-Zero 
Zero 
No-Carry 
Carry 
Odd Parity 
Even Parity 
Sign Positive 
Sign negative 










120489 





MPUZ80-344 


TOSHIBA TMPZ84C011A 


TMPZ84C011A Instruction Map (1/7) 
MPU Instruction Table ( I ) 


INC DEC LD RLCA EX ADD LD DEC INC DEC LD 
B B,n AF,AF HC,BC | A, (BC) BC C Cc C,n 
& RLA JE ADD LD DEC INC DEC LD RRA 
DEC LD DAA IRZ ADD LD DEC INC DEC LD CPL 

H H,n e HL,HL HL,(mn) HL L a L,n 
DEC LD SCF IRC ADD LD DEC INC DEC LD CCF 
) (HL) (HL), n e HL,SP | A,(mn) SP A A A,n 








2 


a 


RRCA 


I 


nD > N wt w N 
= 
ae 
pa 
fo 
w 
a 
Lo 
io) 
=r 
TOE 
~~ oO 
io} 





= 


DJNZ LD LD 


HL, mn | (mn),HL 


JR NC, LD 


35 
> 


5 5, . a 


3 
NC 
BC 
NC 
DE 
NC 
HL 
NC 
SP 
LD 

/E 
LD 

we 
LD 

,E 
LD 
DD 

Aa 
UB 

E 
ND 

E 

R 

E 

JP 
n 

UT 

EX 


SP,mn 
LD LD LD LD LD LD LD LD LD LD LD LD LD LD 
B,B B,C B,D B,L B, (HL) B,A c,B c,c C,D C,E C,H CL C, (HL) C,A 
LD LD LD LD LD LD LD LD LD LD LD 
D,B D,C D,D D,L D, (HL) D,A E,B E, C E,D E,E E,H E,L E, (HL) E,A 
LD LD LD LD LD LD LD LD LD LD LD LD LD LD 
H,B H,C H,D H,L H, (HL) H,A L,B L,C L,D L,E L,H LL L, (HL) L.A 


| 
| N 
| N 
{ N 
B 
D 
H 
LD HALT LD LD LD LD LD LD LD LD LD 
(HL),E | (HL),H | (HL),L (HL),A A,B A,C A,D A,E A,H AVL A, (HL) A,A 
ADD ADD ADD A D 
A 
$ U 
H 
A 
oO 
H 
m ' 
O 


e 
wo 
> 
ia) 
> 
oO 





| 
| 
| 
( 
B 
D 
H 
ADD ADD ADD ADD ADC ADC ADC ADC ADC ADC ADC ADC 
A A,L A, (H L)} AVA A,B A,C A,D AVE A,H AL A, (HL) AVA 
SUB SUB SUB S 
B C D 


AND AND AND AND AND AND AND XOR XOR XOR XOR XOR XOR XOR XOR 
L (HL) A B C D E H L (HL) A 
OR OR OR CP cP cP cP cP cP cP XOR 
L (HL) A B Cc D E H L (HL) A 
CALL PUSH ADD RST RET RET JP Z, ® CALL CALL ADC RST 
NZ,mn BC A,n OOH C mn Z,mn mn A,n 08H 
RET POP JP NC, CALL PUSH SUB RST RET EXX IPC, IN CALL @ SBC RST 
NC DE mn (n),A | NC,mn DE n 10H Cc mn A, (n) Cc,mn 
RET POP JP PO, CALL PUSH AND RST RET JP JP PE, EX CALL XOR RST 
PO HL mn (SP),HL | PO, mn HL n 20H PE (HL) mn DE,HL Pl,mn n 28H 
CALL PUSH OR RST RET LD JPM, E| CALL @ 
P,mn AF n 30H M SP, HL mn M,mn 


Note O~@: Multi-Opcode Instructions (ref. Table (I )~(V)) 


B 
D 
D 
H 
L 
L 
L 
L 
N 
H 
oO 


C 
C 
C 
L 
D 
H 
D 
H 
D 
H 
D 
H 
B 
R 


e oe 
RET POP JP NZ, 
mn 


yn 
m 
o 
z) 
ce) 
ao) 
— 
ae) 
od 
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TMPZ84C011A Instruction Map (2/7) 
© Byte1“CB” 
Instruction Table ( II ) (Byte 2 of 2-byte Opcode) 
POCA ERE ER EP EA ET ESSER 
RLC RLC RLC RLC RRC RRC RRC RRC RRC RRC RRC 


H L (HL) A B C D E H L (HL) 














2 3 


g 


RRC 





RLC RLC RLC 


w 
(o) 
1) 
ES) 
m 
im) 


Pe 


wn 
pa 
> 


SLA 


Vv 
| 
> 
Leas 
r_ 
> 
La) 
> 
—N 
E 
> 
WN 
i on 
> 
Wh 
l 
> 
— 
Ps 
> 
WY 
aw 
> 
coe) 
w 
> 
—~Y 
ei 
> 
hoe) 
a 
S 
~Y 
aw 
> 
"nM 
wa 
> 
” 
aw 
> 


| 
aE 
aE 
aE 
Loe} 
wow 
vid 
Nn 
mo D 
a 
rn 
0 nm 
ba 
17) 
m 2 
pa 
"n 
x= a 
=~ 
" 
-— Ww 
se 
-_- 
IS 
IN ae 
ioe) 
PD 
Fa 


w 
4 
@ 
5 
= 
5 


BIT BIT BIT BIT BIT BIT BIT BIT BIT BIT BIT BIT BIT 
0,8 


oS 
io) 
2 
Oo 
© 
m 
2 
x 
_ 
i 
oO 
oa 
ae 
Le 
2 
> 
wo 
= 
im) 
1; 
= 
m 
= 
Bl i 
= 
; roa 
— 
~ 
x 
i 
~ 
_ 
> 


BIT BIT 
2,B 2,C 2,D 2,£ 


a 
o 
4 
s+ 
Nn @ 
aoe 
NB 
| ace | 
as 
= @ 
in 
& 
Now 
pA 
We 
o 4 
ww 
aon 
Ww 
of 
wo 
m - 
Yaw 
x4 
wa 
| ate | 
ee 
=— @ 
io4n 
— 
— 
Ww wo 
pa 


BIT BIT BIT BIT BIT BIT BIT BIT BIT BIT BIT’ BIT BIT BIT BIT BIT 
4,B 4,C 4,D 4,E 4,H 4,L 4, (HL) 4,A 5,B 5,C 5,D 5,E 5,H 5, L 5, (HL) 3,A 


BIT BIT BIT BIT BIT BIT BIT BIT BIT BIT BIT BIT BIT BIT BIT BIT 


RES RES RES RES RES RES RES RES RES RES RES RES RES RES RES RES 
0,8 0,C 


= 
Oo 
© 
m 
Pd 
5 i 
= 
T 
& 
_— 
x= 
— 
~~ 
©: 
> 
= 
ao 
ia) 
= 
Oo 
~ 
m 
_= 
x 
= 
i 
= 
= 
is 
‘Ee 
~ 
= 
> 


RES RES RES RES RES RES RES RES RES RES RES RES |’ RES RES RES RES 
2,8 2,C 2,D -2,E 2,H 2,L 2, (HL) 2,A 3,8 3,C 3,D 3,E 3,H 3,L 3, (HL) 3,A 


RES RES RES RES RES RES RES RES RES RES RES RES RES RES 
4,D 4,E 4,H 4,L 4, (HL) 4,A 5,8 5,C 5,D 5,E 5,H 5,L 5, (HL) 5,A 


fw 
~ om 
eo dane,Y 
DB 
om 
awn 


RES RES RES RES RES RES RES RES RES RES RES RES RES RES RES RES 
6,E 6,H 6,1 6, (HL) 6,A 7,B 7,C 7,D 7,E 7,4 7,L 7, (HL) 7A 


> 
w 
oO 
nN 
2} 
Oo 


SET SET SET SET SET SET SET SET SET SET SET SET SET SET SET SET 
0,B 0,E 0,H 0,L 0, (HL) 0,A 1,B 1,C€ 1,D 1,£ 1,H TL 1, (HL) 1,A 


Aa 
a) 
2 
7) 


SET SET SET SET SET SET SET SET SET SET SET SET SET SET SET SET 
2,B 2,C 2,D 2,5 2,H 2,L 2, (HL) 2,A 3,B 3,C€ 3,D 3,E 3,H 3,L 3, (HL) 3,A 


SET SET SET SET SET SET SET SET SET SET SET SET SET SET SET SET 
4,D 4,E 4,H 4,1 4, (HL) 4,A 5,B 5,C€ 5,D 5,E 5,H 5,L 5, (HL) 


- 
wo 
- 
(a) 
wn 
> 


' 


SET SET SET SET SET SET SET SET SET SET SET SET SET SET SET SET 
6,E 6,H 6,L 6, (HL) 6,A 7,B 7,C 7,D 7,E 7,H 7A 7, (HL) 


xz 
mn (a) p> NI ur w N = 
- 
oe 
ise] 
” 
io) 
x 
oO 
ma 
m 
Add 
=x 
& 
- 
a 
~~ 
ae 
— 
—— 
oO 
> 
= 
wo 
a 
oO 
as 
oO 
S 
m 
ot 
=z 
oa 
cc 
oa 
~~ 
x 
cr 
— 
MN 
> 


= 
w 
a 
dD 
an 
es) 
a“ 
> 


c 





120489 





MPUZ80-346 


TOSHIBA TMPZ84C011A 


TMPZ84C011A Instruction Map (3/7) 
@ Byte1 “ED” 
Instruction Table (III ) (Byte 2 of 2-byte Opcode ) 


i Pee ee eae | eee Se ie le ee eed 
H 
ett tte eee ee ee EE 


RETN IN OUT ADC LD RETI 
a te (mn),BC C, (C) (C), C HL,BC | Bc,(mn) 
OUT IM2 LD 
ae D HL,DE (mn),DE A, | E, ie (C), E HL,DE DE,(mn) ; 











B 


Pr 
pV 


> 
mn 


SEREEEEEEEEEEE 
= oO 
Qo a a2 





CPI 
_ ae 
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TMPZ84C011A Instruction Map (4/7) 
8) Byte1l “DD” 
Instruction Table (IV ) ( Byte 2 of 2-byte Opcode ) 


L 
ADD 
IX,BC 
1 ADD 
IX,DE 










3 DEC 
hee (IX +d) Kr) IX, SP 
LD B, LDC, 
(IX +d) (IX +d) 
LD D, LDE, 
(IX +d) (IX +d) 
LDH, LDL, 
(IX +d) (IX +d) 
LDA, 
He re wr mr wr We We (IX +d) 
ADC 1 
as (IX +d) 
SUB SBCA, 
(IX +d) (IX +d) 
XOR 
ro + = (IX +d) 
cP 
1 + +n (IX +d) 
PUSH 
ne IX i. 





120489 
Note ©: Special 2 byte Opcode Instructions (ref. Table (VI )) 
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TMPZ84C011A Instruction Map (5/7) 
@® Byte1 “FD” 
Instruction Table ( V ) (Byte 2 of 2-byte Opcode ) 











ee 
Ho} pete $$ +E fe 
2 LD ID INC 
l¥,nn (mn), lY IY, 1Y IY, (mn) 
3 DEC 
Pie (IY +d) 29 lY, SP 
| 
LDB, LDC, 
(IY +d) (IY +d) 
5 LD D, LDE, 
(IY +d) (IY +a) 
LDH, LDL, 
(IY +d) (IY +d) 
7 LD LDA, 
(IY +d) Wea W09 W9) WV W4 We) (IY +d) 
B 
ADDC 
A, 
(IY +d) (IY +d) 
SUB SUBC 
. A, 
(1Y +d) (IY +d) 
AND XOR 
(IY +d) (IY +d) 
OR cP 
(IY +d) (IY +d) 
he ae he ee 
EX ae JP 
(SP), lY 
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Note ©: Special 2 byte Opcode Instructions (ref. Table (VI) 
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TMPZ84C011A Instruction Map (6/7) 
® Byte1“DD” 
Byte 2 “CB” 
Instruction Table (VI) (Special case of 2-byte Opcode : Byte 3) 
Me ES REELED CA EA EARS EI ER EA ES EEE 
et tT tt yy fer Pp PP feta 
tt eal Td pel 












BIT 1, 
(IX +d) 
5 BIT 3, 
(IX + d) 
BIT 5, 
(IX +d) 
7 BIT 7, 
(IX +d) 
RES 1, 
(IX +d) 
RES 3, 
(IX +d) 
A RES 5, . 
(IX +d) 
RES 7, 
(IX +d) 
Cc SET 1, 
(IX + d) 
SET 3, 
(IX +d) 
E SETS, 
(IX +d) 
c SET 7, 
(IX +d) 
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TMPZ84C011A Instruction Map (7/7) 
© Bytel “FD” 
Byte 2 “CB” 
Instruction Table (VII) (Special case of 2-byte Opcode : Byte 3) 


TTT LLL Let 
ed te daee 2 A dd tee 
Pt ft dem} PP Eo 









BIT 0, 
(IY +d) 


BIT 2, 
(IY +d) 


2 
4 
WwW 


ca 
$+ Ww 
aN 
— 

Sa 
<m 
$n 
2 Ww 


> 


RES 4, RES 5, 

(IY +d) (IY + d) 

RES 6, RES 7, 
(IY +d) CY +d) 
SET O, SET 1, 

(IY +d) (IY +d) 

SET 2, SET 3, 

(IY +d) (1Y +d) 

SET 4, SET 5, 

(IY +d) (lY +d) 

SET 6, SET 7, 

(IY +d) (IY + d) 
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ee 
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+o 
! a © § 

ens seat 

=a 
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3.3. CGC Operations 


This subsection describes the system configuration, functions, and basic operations of 
the clock generator/controller (CGC). 


3.3.1 Block Diagram 


XTAL2 


XTAL1 
—> 





Figure 3.3.1 shows the block diagram of the CGC. 


HALT MS1 MS2 iNT NMI Mi RESET 
Y Y 


Y Y 














CONTROL CIRCUIT 





OSCILLATOR 
AND DIVIDER 


INTERNAL COUNTER 
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Figure 3.3.1 Block Diagram 


3.3.2 CGC System Configuration 


The internal configuration of the CGC is shown in Figure 3.3.1. The waveform from 
the external oscillated by the internal oscillator and divided by the divider is converted 
into the square waveform for clock. The clock is controlled by the controller and the 
counter to be sent to the outside the CGC. The following describes the CGC’s main 
components and their functions. 


(1) Clock Generation 
(2) Operation Modes 


MPUZ80-352 
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[1] Clock Generation 


The CGC contains an oscillator. By connecting oscillating elements to external pins 
(XTALI1 and XTAL2), the required clock can be produced easily. The CGC provides the 
clock whose frequency is 1/2 of the oscillation frequency. Figure 3.3.2 shows an example 
of crystal connection. 


Cs 
- 7 { + 
Cin ee Cout pile 170489 : . he 170489 


Figure 3.3.2 (a) Example of Crystal Figure 3.3.2 (b) Oscillator 
Connection Equivalent Circuit 


(1) For the quartz crystal oscillator, use the MR8000-C20 (oscillation frequency 8 
MHz) or MR12000-C20 (oscillation frequency 12 MHz) manufactured by Tokyo Denpa 
Company Ltd., or the equivalent; 


Quartz | rs | Condition 
Holder| Frequency | Cin |Cout| Parameter | rs | Drive Level Toad 
paanunlna PE LEE Lerten [coton [ro a ae 
C1 (pF) | Co (pF) | Ri (Q 


|MRgooo-c14_| HC-49 pa [20 | 20 fooies| 3.87 [60 [os | 
o/c) all 33 | 33 | — | 4.00 | 25.0 | | 
raer[ ea [0s [ass 


310589 





Note: The load capacitance in the condition does not include any stray capacitance. 


(2) For the ceramic resonater, use the CSA8.00MT, CST8.00MT (oscillation frequency 
8 MHz) or CSA12.00MT, CST12.00MT (osillation frequency 12 MHz) manufactured 
by Murata MFG Co., Ltd. 


Product No. | Frequency (MHz) _| (MHz) Cin | Cin (pF) Cout (pF) Cout (pF) 





190589 
Note: The CST8.00MT and CST12.0MT need no outer capacitance. 
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[2] 


Operation Modes 


The CGC has the capability to control 3 types of operational modes: Run, Idle and 
Stop. Anyone of them can be selected by MS1, MS2 (Mode Select 1 and 2) pin. 

These modes become valid when the MPU executes a HALT instruction. Fetching a 
HALT instruction, the MPU sets the HALT signal to “0”, telling that it has been put in 
the halt state. After the execution of the HALT instruction, CGC performs the 
operation of the specified mode. Table 3.3.1 shows the operations of these modes. 


Table 3.3.1 CGC Operation Modes 


Only the internal oscillator operates, stopping the 
Idle mode 


supply of clock outside. The clock output (CLK) is held 
at sd ia 
a 
All internal operations are stopped. The clock output 
1 
pf 8 | stonmode (CLK) is held ot “O". 
The supply of clock outside is continued. 


120489 









The restart from the clock stop state in Idle or Stop mode is performed by reset (RESET 
signal) or acknowledge of maskable interrupt (INT signal) or non-maskable interrupt 
(NMI signal). 
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[3] Warm-up Time for Restart (from Stop mode) 


Clearing the halt state by interrupt acknowledge, the MPU begins executing 
interrupt processing. Therefore, when restarting the clock by the NMI or INT restart 
signal in the Stop mode, its oscillation must be fully stabilized before being supplied 
outside. The CGC provides, by means of the internal counter, the warm-up time enough 
for the clock to reach the stabilize frequency. The warm-up ends at the rising edge of the 
internal counter output derived from dividing the oscillation frequency to start clock 
output. The warm-up time is equal to the time derived by dividing the frequency of the 
externally attached oscillator by oy 

Figure 3.3.3 shows the block diagram of the internal counter. Table 3.3.2 shows the 
relationship between the oscillation frequency and the warm-up time. 

In the restart by the RESET signal, no warm-up is performed for the quick operation 
at power-up. Therefore, expand the width of the RESET signal adequately to provide 
the warm-up time. 









DIVIDER 







CoutT 
_] 






COUNTER 
215 


Cin 





CONTROL 
CIRCUIT 


CONTROL 
! CIRCUIT 
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Figure 3.3.3 Block Diagram of Internal Counter 


Table 3.3.2 Warm-up Time 


fXTAL = 12MHz fXTAL = 8MHz 
215 2 14/fc 
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3.3.3 CGC Status Transition Diagram and Basic Timing 


The following describes the status transition and basic timing to be provided when 
the CGC operates. 


[1] Status Transition Diagram 


RESET =0 





OSCILLATOR 
QPERATIO 


YES 





NO 







SETTING 


NO OK? 





NO 


YES 


CLOCK OUTPUT <Gomnes> YES 
SUCCESSION 
0 Kr 


<Kineoer > STOP MODE 
CLOCK OUTPUT INTERNAL 
eae OSCILIATION STOP 
(CLOCK OUTPUT STOP) 


N 
CLOCK OUTPUT : 


STOP 





YES 
<ieoen > STOP MODE 
INTERNAL 
OSCILLATOR START 


IDLE MODE 


WARMING-UP 
(214/fc) 


CLOCK OUTPUT 
START 


Figure 3.3.4 Status Transition Diagram 
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[2] Basic Timing 
The following describes the CGC basic timing. 
(1) Operation at execution of HALT instruction 


The following describes the basic timing in each mode to be provided when the 
MPU executes a HALT instruction. The MPU sets the HALT signal to “0” in 
synchronization with the falling edge of clock state T4 of the HALT instruction 


Opcode fetch cycle (M1). This signal tells the CGC that the MPU is going to get in 
the halt state. 


(a) Run mode (MS1 = 1, MS2 = 1) 


Figure 3.3.5 shows the basic timing in the Run mode. In the Run mode, the 
CGC continues supplying the clock to the outside even when the MPU isin the halt 
state. Therefore, the MPU continues executing NOPs during the halt state. The 
systems which need memory address refresh use this mode. 


M1 cycle ———->|-x—____—_ M1 cycle ———_———_—> |= M1 cycle 
Ta Ty T2 T3 Ta T4 T2 T3 
CLK 
HALT 


HALT instruction 
Opecode fetch cycle 





-—— NOP execution ~«<— NOP execution 


120489 
Figure 3.3.5 Basic Timing in Run Mode 
(b) Idle mode (MS1 =MS2 =0), and Stop mode (MS1 = 1, MS2 = 0) 


Figure 3.3.6 shows the basic timing in the Idle and Stop modes. In these modes, 
the clock output is stopped with clock state T'4 being “0” by the HALT signal and 
the M1 signal which follows the HALT instruction. 

However, in the Stop mode, the CGC’s internal oscillator also stops. 
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T4 TY T2 T3 T4 


CLK 


HALT instruction 
Opecode fetch cycle 





<————— NOP execution ————> CLK Stopped —-———> 


120489 
Figure 3.3.6 Basic Timing in Idle and Stop Modes 
(2) Clock output restart from each mode 


The clock stopped state in the Idle or Stop mode is cleared by setting any of the 
following signals to “0” (for the system restart operation, see Subsection 3.3.4) : 


e INT (level trigger input) . 
e NMI (edge trigger input) 





e RESET (level trigger input) 
(a) Clock output restart from Idle mode 


Figure 3.3.7 shows the basic timing for the sequence of the output restart from 
the clock stopped state in the Idle mode. In the restart in the Idle mode, the clock 
output is restarted in a relatively short delay time because the internal oscillator 
is operating even in the clock stopped state. 


T4 T1 T2 T3 


(Clock stopped state) | | | | | | 
CLK 
ga Ge 
Wil, iS ae ee [ 


RESET ; 120489 


Figure 3.3.7 Basic Timing for Sequence of Restart from 
Clock stopped State (Idie Mode) 
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(b) Clock output restart from Stop mode 


Figure 3.3.8 shows the basic timing for the sequence of the restart from the 
clock stopped state in the Stop mode. When restarting by setting the INT or NMI 
signal to “0”, the warm-up time is automatically created by the internal counter. 
In the restart by the RESET signal. oscillation restarts without warm-up. 


T1 T2 T3 


ss @ ha 





Zz 
+ 
- 
5 2 
@O 
V 


ie Warm-up ,. 
time 120489 


Figure 3.3.8 Basic Timing for Sequence of Restart from 
Clock Stopped State (Stop Mode) 


3.3.4 Relationship with MPU 


[1] 


The following describes the relationship between the CGC and the MPU mainly in 
terms of the halt clear operation. 


RESET Signal 


Figure 3.3.9 shows an example of the timing for the restart from the Stop mode on the 
TMPZ84C011A sharing the MPU and CGC RESET signals. To reset the MPU, the 
RESET signal must be set to “0” for at least 3 stable clocks. When the RESET signal 
goes “1”, the MPU gets out of the halt state after a dummy cycle of 2 clock states to start 
executing instructions from address 0000H. 

To restart the clock output by the RESET signal in the Stop mode, the internal 
counter to determine the warm-up time does not operate. Therefore, if the MPU does not 
restart correctly due to the unstable clock output immediately after the restart of the 
internal oscillator, or when the stability of the crystal at power-up is considered, the 
RESET signal must be held at “0” for a time long enough for the MPU to be reset 
securely. 
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Figure 3.3.9 Example of Clock Restart Timing by RESET Signal 


Clearing Halt State by Interrupt Signal 


The CGC restarts the clock output from the Idle or Stop mode by the input of INT or 


NMI signal. By this clock, the MPU starts operating. However, when the CGC restarts 
the clock output, the MPU is still in the halt state executing NOPs. To clear the halt 
state, the interrupt signal must be entered into the MPU (in the case of the INT signal, 
the signal for at least one instruction). The MPU interrupt is detected at the rising edge 
of the last clock of each instruction (NOP for the halt state). 


(1) 


(2) 


When using non-maskable interrupt (NMI) 


MPU’s non-maskable interrupt is triggered by edge. The MPU contains the 
flip-flop to detect an interrupt. That is, the state of this internal NMI flip-flop is 
sampled at the rising edge of the last clock of each instruction. Therefore, when a 
short active low (“0”) pulse has been inserted before the interrupt detection timing, 
the interrupt is acknowledged. The NMI input of the TMPZ84C011A is connected 
to the NMI input of the MPU via the CGC, performing the same operations as 
above. (See Figure 3.3.11.) 


When using maskable interrupt (INT) 


With a maskable interrupt, the maskable interrupt enable flip- flop (IFF) must 
be set to “1” by program before “0” of the INT input signal is detected. Even if the 
CGC accepts the INT signal to restart supply the clock, no interrupt is 
acknowledge unless the INT signal is kept inserted until one instruction (NOP) 
has been executed. Figure 3.3.10 shows the timing for clearing the halt state by 
the interrupt signal. 
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Ta 1 T2 T3 Ta Ty T2 T3 Ta 14 To 


NMI 


LATCH 





INTERRUPT SAMPLING TIMING 
120489 


Figure 3.3.10 Timing for Clearing Halt State by Interrupt Signal 


[3] Connecting CGC to MPU on TMPZ84C011A 
Figure 3.3.11 shows the connection between the CGC and the MPU on the 


TMPZ84CO11A. 
Cin ae Cout 
u ee 
XTAL1 XTAL XTAL2 CLK HALT M1 
VCC 





XTAL1 XTAL2 





INT from 
CTC 120489 


CLK M1 


Figure 3.3.11 Connection Between CGC and MPU 
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3.4 CTC Operational Description 


The CTC has 4 independent channels. To these channels, addresses are allocated on the 
TMPZ84C011A’s I/O map, permitting the read/write of the channels in the MPU’s I/O 
cycle. (See Figure 3.4.1.) This subsection mainly describes the operation to be performed 
after the CTC is accessed. 


3.4.1 CTC Block Diagram 
Figure 3.4.1 shows the block diagram of the CTC. 


INTERNAL 
CONTROL 
LOGICAL 
OPERATION 
CIRCUIT 








ZC/TOQo 
CHANNELO 
~<— CLK/TRGo 


DATA 
Do~D7 
MPU BUS 






ZC/TO; 
INTERNAL BUS CHANNEL1 
CONTROL 1/0 <— CLK/TRG 
CE(Ay - Ad) LOGICAL 
a OPERATION 
IRCUI INTERRUPT 
NE CIRCUIT 
TORO CONTROL 
_ LOGICAL 





OPERATION 
CIRCUIT 





CHANNEL3 |<— CLK/TRG3 


—> ZC/TO2 
CHANNEL2 
<— CLK/TRG?2 


IEO JE INT 
120489 


Figure 3.4.1 Block Diagram of CTC 
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3.4.2 CTC System Configuration 


[2] 


[3] 


The CTC system consists of the following 4 logic circuits: 

(1) MPU bus I/O logic circuit 

(2) Internal control logic circuit 

(3) Interrupt control logic circuit 

(4) Four independent counter/timer channel logic circuits 
MPU Bus I/O Logic Circuit 

This circuit transfer data between the MPU and the CTC. 
Internal Control Logic Circuit 


This circuit controls the CTC’s operation functions such as the CTC selector chip 
enable, reset, and read/write circuits. 


Interrupt Control Logic Circuit 


This circuit performs the MPU interrupt related processing such as priority 
determination. The priority with other LSIs is determined by the physical location in 
daisy chain connection. 


Counter/Timer Channel Logic Circuit 


This circuit consists of the following 2 registers and 2 counters. Figure 3.4.2 shows 
the configuration of this circuit. 


e Time-constant register (8 bits) 
e Channel control register (8 bits) 
e Down-counter (8 bits) 


e Prescaler (8 bits) 
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CHANNEL CONTROL TIME CONSTANT 
REGISTER (8 BITS) REGISTER (8 BITS) 


INTERNAL BUS 


SYSTEM CLOCK PRESCALER DOWN COUNTER | ZC/TO 
. ane atl 
(8 BITS) (8 BITS) 


(1) 


(2) 


(3) 


(4) 


CLK /TRG 
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Figure 3.4.2 Configuration of Counter/Timer Channel Logic Circuit 
Time-constant register 


This register holds the time constant to be written in the down counter. When 
the CTC is initialized or the down-counter has reached zero, the time constant is 
loaded into down- counter. The time constant is set immediately after the MPU 
has written the channel control word to the channel control register. For a time 
constant, an integer from 1 to 256 can be used. 


Channel control register 


This register is used to choose the channel mode or condition according to the 
channel control word sent from the MPU. 


Down-counter 


The contents of the time-constant register are loaded into the down counter. In 
the counter mode, these contents are decremented at each edge of the external 
clock; in the timer mode, they are decremented for each prescaler clock output. 
The contents of the time-constant register are loaded at initialization or when the 
down-counter has reached zero. 

The contents of the down-counter can be read any time. Also, the system can be 
programmed so that an interrupt request is generated each time the down-counter 
has reached zero. 


Prescaler 


The prescaler, used only in the timer mode, divides the system clock by a factor 
of 16 or 256. The prescaler factor can be programmed by channel control word. 
The output of the prescaler becomes the clock input to the down-counter. 
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3.4.3 CTC Basic Operations 


[1] 


Reset 


The state of the CTC is unstable after it is powered on. To initialize the CTC, the low 
level signal needs to be applied to the RESET pin. On any channel, the channel control 
word and time-constant data must be written to the channel to be started before it is 
started in the counter or timer mode. To program the system to enable interrupts, the 
interrupt vector word must be written to the interrupt controller. When these data have 
been written to the CTC, it is ready to start. 


Interrupt 


The CTC can cause an interrupt when the MPU is operating in the mode 2. The CTC 
interrupt can be programmed for each channel. Each time the channel’s down-counter 
has reached zero, the CTC outputs the interrupt request signal (INT). When the MPU 
accepts the CTC’s interrupt request, the CTC outputs the interrupt vector. Based on this 
interrupt vector, the MPU specifies the start address of the interrupt processing routine 
and calls it to start interrupt processing. 

Because the MPU specifies the start address of the interrupt processing routine by 
the interrupt vector from the CTC, the user can change the vector value to call any 
desired address. 

The interrupt processing is terminated when the MPU executes an RETI instruction. 
The CTC has the circuit which decodes the RETI instruction. By constantly monitoring 
the data bus CTC can know the termination of the interrupt processing. 


The interrupt priority with the Z80 peripheral LSIs is determined by the daisy chain 
connection. That is, the periperal LSIs are connected in series and physically nearer the 
MPU, a higher priority is given. Inside the CTC, channel 0 is given the highest priority 
followed by channels 1, 2 and 3 in this order. 

The CTC has the signal lines IEO and IEI. Connect the IEO of a higher peripheral 
LSI to the IEI of a lower peripheral LSI. Connect the IEI of the highest peripheral LSI to 
VCC. Leave the IEO of the lowest peripheral LSI unused. In this connection, the CTC 
interrupt is caused under the following conditions: 


e When both IEI and IEO are high, no interrupt is caused. At this time, the INT 
signal is high. An interrupt can be requested in this state. 


® When the CTC outputs the interrupt request signal (INT), the IEO of the CTC 
becomes low. When the MPU accepts the interrupt, the INT pin goes high again. 


e When the IEI goes low, the IEO also goes low. 
e While the IEI is low, no interrupt can be requested. 


e When the IEI goes low while an interupt is being serviced, the interrupt processing 
is aborted. 
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[3] Operation Modes 


The CTC operates in either the counter mode or the timer mode. Mode selection is 


programmed by writting the channel control word. 


(1) 


(2) 


Counter mode 


In the counter mode, the number of edge of the pulses applied to the channel’s 
CLK/TRG pin is counted. When pulses have been input, the contents of the down- 
counter are decremented in synchronization with the rising edge of the next 
system clock. The pulse’s rising edge or falling edge to be counted can be specified 
by the channel control word. 

When the down-counter has read zero, the high level pulses is output from the 


_ZC/TO pin. When the interrupt is enabled by the channel control word, the INT 


pin goes low and an interrupt is requested. When the down-counter has reached 
zero, the time constant data written in the time constant register is automatically 
loaded into the down-counter. To load a new time constant value into the down- 
counter, write the data to the time constant register, and it is loaded into the down- 
counter after the end of the current count operation. 


Timer mode 


In the timer mode, the time intervals which are integral multiples of the system 
clock period. A timer interval is measured against the system clock. The system 
clock is supplied to the prescaler which divides it by a factor of 16 or 256. The 
output of the prescaler provides the clock to decrement the down-counter by 1. The 
time constant data is automatically loaded in the down-counter each time it has 
reached zero as in the counter mode. When the down-counter has reached zero, the 
high level pulse is output from the ZC/TO pin. 

The period of this pulse is given by the following expression: 


tc*P*TC 
Where, tc = System clock period 
P = Prescaler value (16 or 256) 
TC = Time constant data (256 for 00H) 


The user can specify, by means of the channel control word, whether to start the 
timer automatically or not and start the timer at the edge of the pulse at CLK/TRG 
pin or not, and, if the edge is used, start the timer at the rising edge or the falling 
edge. 


3.4.4 CTC Status Transition Diagram and Basic Timing 


[1] Transition Diagram 


Figure 3.4.3 shows the CTC status transition diagram. 
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Figure 3.4.3 (a) CTC Transition Diagram (a) 
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Figure 3.4.3. (b) CTC Transition Diagram (b) 


Basic Timing 


(1) 


Write cycle 


The write cycle is used to write a channel control word, an interrupt vector, or a 
time constant. The MPU makes low the IORQ pin of the CTC in the subsequent 
system clock cycle T2 to start the write cycle. It is required to make high the M1 
pin of the CTC to indicate that the write cycle is on. 

At the start of the cycle, the channel is specified by CS (Ay) and CSp (Ag) of the 
CTC. Thus, the CTC’s internal registers are ready to acquire data in system clock 
T3. Tw is the wait state to be automatically inserted by the MPU. 
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Figure 3.4.4 Write Timing 


(2) Read cycle 


The read cycle is used to read the contents of the down- counter. In system clock 
cycle T2, the MPU makes low the RD and IORQ pins of the CTC to start the read 
cycle. It is required to make high the M1 pin to indicate that the read cycle is on. 
At the start of the read cycle, the channel is specified by CS; (Aj) and CSpg (Ao) of 
the CTC. On the rising edge of system clock Tw, the contents of the down-counter 
at the time of the rising edge of T2 are put on the data bus. Tw is the wait state to 
be automatically inserted by the MPU. 





CLK 


Ty T2 Tw gee) 14 
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Mi (High) 
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Figure 3.4.5 Read Timing 
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[3] Counter mode 


In the counter mode, the down-counter is decremented in synchronization with the 
system clock, at the edge of the pulse applied from the external circuit connected to the 
CLK/TRG pin. The period of the pulse to be applied to the CLK/TRG pin must be 2 times 
greater than the system clock period. Also, it is required to insert the setup time 
between the active edge of the CLK/TRG pin signal and the rising edge of the succeeding 
system clock. When the interval between these pulses is short, the down-counter is 
decrmented one system clock later. When the down-counter has reached zero, a high 
level pulse is output from the ZC/TO pin. 


CLK i «> 
CLK/TRG 
INTERNAL p ZERO . 
COUNTER COUNT 
ZC/TO p = 
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Figure 3.4.6 Counter Mode Timing 
[4] Timer mode 


The timer starts operating at the second rising edge of the system clock from the 
rising edge of the pulse applied from the external circuit connected to the CLK/TRG pin. 
The period of the pulse to be applied to the CLK/TRG pin must be greater than 2 times 
the system clock period. Also, it is required to insert the setup time between the active 
edge of the CLK/TRG pin signal and the rising edge of the succeeding system clock. 
When the interval between these pulses is short, the timer starts one system clock cycle 
later. 


CLK ai 
CLK/TRG 


INTERNAL TIMER OPERATION START 


TIMER 
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Figure 3.4.7 Timer Mode Timing 
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[5] Interrupt acknowledge cycle 


Having received the interrupt request signal (INT) from the CTC, the MPU makes 
low the CTC’s M1 pin and IORQ pin to provide the acknowledge signal. The IORQ pin 
goes low 2.5 system clocks later than the M1 pin. To stabilize the signal lines (IEI and 
IHO) in daisy chain connection, the interrupt request cannot be changed on each channel 
while the M1 pin is low. The RD pin is held high to make distinction between the 
instruction fetch cycle and the interrupt acknoledge cycle. While the RD pin is high, the 
CTC’s interrupt control circuit determines the interrupt-requesting channel with the 
highest priority. When the CTC’s IEI is high and the M1 pin and IORQ pin go low, the 
interrupt vector is output from the interrupt requesting channel with the highest 
priority on the data bus. At this time, 2 system clock cycles are automatically inserted 
by the MPU asa wait state to maintain the stabilization of the daisy chain connection. 


RD (High) 


DATA VECTOR 
120489 


Figure 3.4.8 Interrupt Acknowledge Timing 
[6] Return from interrupt processing 


Return from the interrupt processing is performed by MPU’s executing the RETI 
instruction. This RETI instruction must be used at the end of the interrupt processing 
routine. When this instruction is executed by the MPU, the CTC’s IKI and IEO return to 
the state active before the interrupt has been serviced. 
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The RETI instruction is a 2-byte instruction. Its code is EDH 4DH. The CTC decodes 
this instruction to check if there is the next interrupt request channel. 

In the diasy chain structure, the interrupting LSI’s IEI and JEO are held high and low 
respectively at the time the instruction code EDH has been decoded. 

The code following EDH is 4DH, only the peripheral LSI which has sent the interrupt 
vector (that is, the LSI whose IEI is high and IEO is low) returns from the interrupt 
processing. This restarts the processing of the pending interrupt of the next higher 
peripheral LSI. 


T4 T2 T3 T4 T4 T2 T3 T4 
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Figureure 3.4.9 Interrupt Return Timing 
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3.4.5 CTC Operational Procedure 


To operates the CTC in the counter mode or the timer mode, the channel control word 


and time-constant data must be written to the CTC. To enable interrupts by the channel 
control word, the interrupt vector must be written to the CTC. 


[1] 1/0 Address and Channel Control Word 
To write the channel control word to the CTC, the channel must be specified by the 
corresponding channel I/O address. Table 3.4.1 shows the channel I/O addresses. 
Table 3.4.1 Channel I/O Addresses 


0 #10 





1 #11 
2 #12 
3 #13 
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The channel control word to be written to the CTC consists of 8 bits. The system data 
bus bit DO through D7 correspond to bit 0 through 7 respectively. Figure 3.4.10 shows 
the meaning of each bit. Table 3.4.2 shows the function of each bit. 
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Figure 3.4.10 Channel Control Word 


For the channel control word, DO must always be 1. 
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Table 3.4.2. Meanings and Function of Channel Control Words (1/2). 


Meaning and function 


Disables channel interrupt 


Puts the channel in the timer mode. Puts 
the system clock into the prescaler and 
outputs the divided signal to the down- 
counter. 


Used only in the timer mode. The prescaler 
is set to that it divides the system clock by 
16. 


In the timer mode, the timer operation 
Starts at the falling edge of the trigger pulse 
(CLK/TRG). In the counter mode, the down- 
counter is decremented at the falling edge 
of the external clock pulse (CLK/TRG) 


Used only in the timer mode. The timer 
operation starts on the rising edge 
following 2 system clocks after the timer 
constant has been loaded into the down- 
counter. 


Enables channel interrupt. When this bit is 
set to “1”, the interrupt vector must be 
written to the CTC before the down-counter 
starts. When the channel contro! word 
whose D7 bit is “1" is written to an already 
operating channel, the interrupt occurs only 
when the down-counter has reached zero 
for the first time after the writing of the 
new channel control word. 


Puts the channel in the counter mode. The 
down-counter is decremented at the edge 
trigger entered at the CLK / TRG pin. In the 
counter mode, the prescaler is not used. 


Used only in the timer mode. The prescaler 
is set to that it divides the system clock by 
256. 


In the timer mode, the timer operation 
starts at the rising edge of the trigger pulse 
(CLK/TRG). In the counter mode, the down- 
counter is decremented at the rising edge of 
the trigger pulse (CLK/TRG). 


Used only in the timer mode. The timer 
Operation is started by the external trigger 
pulse. That is, the timer starts opreating at 
the trigger pulse entered after the rising 
edge following 2 system clocks after the 
time constant has been loaded into the 
down counter. If the interval between the 
system clock and the trigger pulse satisfies 
the setup time, the prescaler starts 
operating on the second rising edge. 
Otherwise, the prescaler starts operating on 
the rising edge following 3 system clocks. If 
the trigger pulse is entered before the time 
constant is loaded, the same effect as when 
bit3°'= "0" 
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Meaning and function 


Indicates that the channel control word is Indicates that the channel control word is 
not followed by the writing of time followed by the writing of time constant. If 
constant. When the channelisinthe reset |the time constant is written during down- 
State, this bit cannot be set to "0" in the first | counter operation, the new time constant is 
channel control word. To change states set to the time constant register with 
with the time constant unchanged, the proceeding the current counting. When the 
channel control word with this bit set to "O" |down-counter has reached zero, the new 
must be entered. time constant is loaded into the down- 
counter. 


Continues the current channel operaiton. Stops the down-counter operation. When 
this bit is set to "1", the channel operation 
stops but the channel control register bits 
remain unchanged. When bit 2 = "1" and 
bit 1 = "1", the channel remains stopped 
until a new time constant is written. 
Channel restart is set up after the new time 
constant is programmed. The channel is 
restarted according to the state of bit 3. 
When bit 2 = "0" and bit 1 = "1", the 
channel operation does not start until a 
new channel control word is written. 
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[2] Time-Constant Data 


In either the time mode or the counter mode, the time-constant data must be loaded 
into the time constant register. When bit 2 (D2) of the channel control word is “1”, the 
time constant is loaded into the time constant register immediately after the channel 
control word is written. A time-constant value must be an integer in a range of 1 to 256. 
When the 8 bits of a time constant are all “0”s, such a time constant is assumed to be 
256. Figure 3.4.11 shows the bit configuration of time- constant data. 

er [oe oe oe pos [ee [or] oe 
TC7 TC6 TC5 TC4 TC3 TC2 TC1 TCO 
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Figure 3.4.11 Time-Constant Data 
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[3] Interrupt Vector 


In the MPU mode-2 interrupt, the interrupting channel must give an interrupt vector to 
the MPU. An interrupt vector is written to the channel-0 interrupt vector register with 
bit 0 (DO) = “O”. The vector is written in the same way as the channel control word is 
written to channel 0. However, bit 0 (DO) of the vector should always be “0”. Bit 7 (D7) 
through bit 3 (D3) are user-defined values. Bit 2 (D2) and bit 1 (D1) are automatically 
given and contain the code of the interrupt- requesting channel having the highest 

priority. Table 3.4.3 shows the channel codes. Figure 3.4.12 shows the interrupt vector 
bit configuration. 


Table 3.4.3. Channel Codes 


Bit 2(D2) Bit 1(D1) Channel number Interrupt priority 










0 (High) 
1 

) | 
1 (low) 


lf 
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we Teepe px [xo 


— | Fixto “0” 
: Chennel codes 
Interruption vector given by user. 
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Figure 3.4.12 Interrupt Vector 
3.4.6 Using CTC 
[1] Counter Mode 


The follwing describes how to use the CTC by referring to a program using channel 0 
with interrupt disabled. | 
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(a) The counter programming procedure is shown in Figure 3.4.13. 


LOAD OF CHANNEL 
CONTROL WORD 
TIME CONSTANT LOAD 
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Figure 3.4.13 Counter Programming Procedure 


(b) The block diagram for converting the 100 kHz system clock into the 10 kHz 
equivalent is shown in Figure 3.4.14. 


CHANNEL 0 





TIME CONSTANT 
PRESCALER REGISTER 





A TIME CONSTANT IS LOADED EVERY TIME 
: WHEN THE DOWN COUNTER COUNTS ZERO. 


Y 
DOWN COUNTER 


OUTPUT |ZC/TOO (10KHz) 





CLK / TRGO (100KHz) 
INPUT 
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Figure 3.4.14 Down-Counter Block Diagram 


(c) Thechannel control word configuration is shown in Figure 3.4.15. 





D7 D6 D5 D4 D3 D2 D1 DO 


INTERRUPT | NOT USED NOT USED CHANNEL 


DISABLE RESET 
COUNTER —1ATTHERISING SETTINGOF CHANNEL 
MODE EDGE OF TIME CONTROL 
EXTERNAL CONSTANT WORD 
CLOCK 
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Figure 3.4.15 Channel Control Word Configuration 
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[2] Timer Mode 


(a) The timer programming procedure without using interrupt is shown in Figure 
3.4.16. 


TIME CONSTANT LOAD 





END 120489 


Figure 3.4.16 Timer Programming Procedure 


(b) The block diagram for converting the 4 MHz system clock into the 1 kHz 
equivalent is shown in Figure 3.4.17. 














CHANNEL 1 
TIME CONSTANT 
PRESCALER REGISTER 
4MHZ System clock 550 
INPUT 7 
(250KHz) : A TIME CONSTANT IS 





: LOADED EVERY TIME WHEN 
: THE DOWNCOUNTER 
; COUNTS ZERO. 


DOWN COUNTER 


OUTPUT | ZC/T01 (1KHz) 
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Figure 3.4.17 Timer Block Diagram 
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(c) Thechannel control word is shown in Figure 3.4.18. 


D7 D6 D5 D4 D3 D2 D1 DO 
i ; Sia Glee Gan Ge 


INTERRUPT | PRESCALER TIMER CHANNEL 
DISABLE VALUE (16) START RESET 
TIMER START THE SETTINGOF CHANNEL 
MODE TIMER TIME CONTROL 
OPERATION AT CONSTANT WORD 
THE FALLING 
EDGE OF THE 
EXTERNAL 
CLOCK 120489 


Figure 3.4.18 Channel Control Word Configuration 
3.5 Description of I/O Operation 


This subsection describes the system configuration and operations of the input/output 
(I/O) section of the TMPZ84C011A. The I/O consists of five 8-bit general-purpose ports 
(a total of 40 I/Os). Each bit can be programmed for an input or output port. 


3.5.1 1/0 Block Diagram 
Figure 3.5.1 shows the I/O block diagram. 


DO~D7 DATA BUS 


OUTPUT BUFFER 


PORT 
REGISTER /O 
| PIN 


Figure 3.5.1 I/O Block Diagram 









PORT I/O 
MODE 

SETTING 
REGISTER 










INPUT CONTOROLL LOGIC 
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3.5.2 I/O System Configuration 


The I/O system consists of the I/O setting registers, the port registers, the output 
buffers, and the input control logics. 

The I/O setting registers specify whether the port to be used is to operate as an input 
port or an output port. Each register corresponds to each port bit. The port registers 
latch the output data to the port pin. The latched output data can also be taken by 
program into the TMPZ84C011A. These registers and control logics are controlled by 
the program-controlled IORQ, RD, WR, and I/O address signals. 

Figure 3.5.2 shows the logic diagram of the I/O port. 


1/0 READ SIGNAL 


INTERNAL DATA BUS 
1/0 


<+-< { C | C | PIN 
Lad 
al 


PORT I/O = 
MODE 





PORT 
REGISTER 





SETTING 
REGISTER 





I/O WRITE SIGNAL 


Notes: (1) Atreset @ J/Oregister=“0”...Input mode 
e Port register = “0” 
(2) VOread... Enabled by CPU’ s I/O input instruction. 


(3) VOwrite... Enabled by CPU’ s J/O output instruction.de re 


Figure 3.5.2 1!/O Port Logic Diagram 
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3.5.3 I/O Port Basic Operations 


The I/O setting registers and port registers of the 5 port of the TMPZ84C011A are 
assigned with the addresses listed in Table 3.5.1 and are enabled by the MPU’s I/O 
instructions. 


Table 3.5.1 I/O Addresses of !/O Port 











[1] 1/0 Setting Registers 
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The I/O setting registers specify whether an I/O port is to operate as an input port or 
an output port. As listed in Table 3.5.2, when the register content is “0”, the specified 
port is an input port; when it is “1”, the specified port is an output port. 


Table 3.5.2 I/O Setting Register Contents and Port Types 


I/O setting register contents Port type 
0 (Note) Input port 


Note: Atreset 120489 







[2] Port Registers /1I/O Buffer 


The port registers latch the data put on the data bus from the MPU and output it to 
the port pin. They hold the data until it is rewritten. | 

When using a port register for input, the data can be rewritten by the MPU’s I/O 
output instruction without directly affecting the register operation. When the type of a 
port registers are switched from input to output during operation, the contents of the 
port registers are output to the port pins immediately. 
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[3] 


[4] 


When reading the port output data during an output operation, the outputs of the port 
registers in front of the output buffer are read, if the port pin’s load of the port pin gets 
heavy, making it possible to read the correct data when the output level goes low. When 
a port is used for input, it becomes the non-latch type in which the input port state of 
time when the MPU’s I/O input instruction has been executed is read. 

At reset, the port register contents are cleared to “0”. 


I/O Setting Registers vs. Port Registers 


As shown in Figure 3.5.3, the I/O setting registers correspond to the port register one by 
one. 


Bit 7 6 5 4 3 2 1 0 


Bit 7 6 5 4 3 2 1 0 


Figure 3.5.3 I/O Setting Registers vs. Port registers 
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Therefore, the partial change of port bits requires to rewrite contents of the I/O 
setting registers of the port containing the change bit. 


Precautions 
The following points must be taken into account in using the I/O ports: 


(1) When the port types are changed from input to output, the old contents of the 
port register are output. To avoid this, the contents of the port register must be 
rewritten with the data to be output before changing the port types. Then, when 
the port types are changed from input to output, the desired datas are output to the 


port pins, preventing the operational errors of the peripheral devices connected to. 


the pin. 


(2) After reset, all ports are in the input mode and the port register contents are 
cleared to “0”. Therefore, port type change must not be performed immediately. 
Instead, the content of the port register corresponding the bit to be used for an 
output port must be replaced with the desired data by the MPU’s I/O output 
instruction before changing the port types to the output port. This streamlines the 
port operation. 


MPUZ80-382 


TOSHIBA | TMPZ84C011A 


3.5.4 I/O System Basic Timing 


Figure 3.5.4 and 3.5.5 show the basic timings of the I/O ports. The I/O ports of the 
TMPZ84C011A perform I/O operations according to the MPU’s I/O instructions. 
Therefore, an I/O port address is specified by the low-order 8 bits of the address bus for 


I/O operations. 
In the I/O operation timing, a wait state (Tw) is automatically inserted after clock 


state To like the operation of the TLCS-Z80 MPU. 


A T2 Tw 73 


IORQ NE ee tC 





RD i. rr, i’ 


input 120489 





Figure 3.5.4 Input Cycle Timing Chart 


Ty T2 Tw T3 


We ee CCtC—~S 





RD 
Port Output DATA 
output 120489 


Figure 3.5.5 Output Cycle Timing Chart 
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4. ELECTRICAL CHARACTERISTICS 
4.1. MAXIMUM RATINGS 


SYMBOL ITEM | RATING 
Vcc Supply Voltage with respect to Vss -0.5V to 7V 
Input Voltage -0.5V to VCC +0.5V 
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4.2 DC ELECTRICAL CHARACTERISTICS (1) 
TA=—40°C~ + 85°C, Vec=5V+£10%, Vss=0V 


TYP. | MAX. | UNIT. 


nput Low Vo ag 

(except RESET, XTAL1) 

nput High Voltage 

(GrceptReseT TAL) | 
nput Low Voltage 

(RESET) 


put High Voltage 
RESET) 





A 
Aw 
wm 


I+ © 
a : 
Oo 


Input Leakage Current |VssSVINS Vcc 
-state O 
Ce ease Ves + 0:4 Vouts VCC 


ICC1 Power Supply Current fc = (1) 


VIH =VCC-0.2V 


ICC2. | Stand-by supply current ) : 
VIH = VCC -0.2V 

VIL=0.2V 

upp u My 

ICC3._|" (DLE MODE) (1) 
VIH = VCC -0.2V 

VIL =0.2V 


Note: (1) fCLK=1/TCC (MIN) . 
(2) ICC2 Stand-by Supply Current is guaranteed only when the supplied clock is stopped at 
a low level during T4 state of the following machine Cycle (M1) next to OP code fetch 
Cycle of HALT instruction. 


I+ 
— 
an) 


= 
on 
NO 
oe) 


© 


NO 


uw} w 
on 
> 
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4.2 DCELECTRICAL CHARACTERISTICAS (2) 
TA=—40°C~+85°C, Vec=2.7V£5.5V, Vss=0V (Low Voltage operation) 


Pu ea SSSC~*d Co = | oe 
wa [oeeaeaenpe[=*dccma] = |occva] 
0 PERSO RES 


Vcc =3V, 
Power Supply Current fCLK =2MHz 


































Stand-by supply current 








Power Supply Current CLK =2MH 
(IDLE MODE) ViHzvcC 


VIL =0.0V 
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4.3 ACELECTRICAL CHARACTERISTICS (1) (IN ACTIVE STATE) 
TA=—40°C~ + 85°C, VCC =5V£10%, VSS=0V 
4.3.1 AC Characteristics of MPU (in Active State) 
(1/3) 


Vee =2.7V~5.5V 
NO. SYMBOL PARAMETER (2MHz) (6MHz) UNIT 
rie fetoceycerime ————~i soo - foc] [wes] | ae 


2 [Twch___| Clock Pulse Width (High) 
3 [Twcl [Clock Pulse Width (Low, 220 
igh) 








0,9 


el 
a 
fc _|etoekrantine —_——SSSS*dC Pala 
eT ra 
= 30 

= 

iz 


ay 
CO} W 
oO} © 


a 
Tas (MRED) 90 
racF(wne@A [Clock jo MRED Delay | —_ 
Tdcr(waeGn [Clock oMREGTOelay +t 
0 
2 
2 Frac REQ [clock J toWREG Delay 


SN 


afalefefrielelafels. 


Bane 

Boe me 
| 62} — 
135 | — | 
ee 
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(2/3) 


| TMPZ84C011AF-6 | TMPZ84C011AF-6 
Clock | to RD | Delay ns | 
15 | TsD (Cr) Data Setup Time to Clock 7 
16 | ThD (RDr) Data Hold Time to RD 7 
17 | TsWAIT (Cf) WAIT Setup Time to Clock | 
8 | THWAIT (Cf) = |WAIT Hold Time after Clock | 
9 | TdCr (M1f) Clock T to M1 | Delay 


0 | TdCr (M1r) Clock } to M1 7 Delay 
1 | TdCr(RFSHf) {Clock f to RFSH | Delay 


——_> 
ie) 
© 





| 


”" rn —n nn i") Va) 


NO 
~ 


No 


No} rj] a | oo > 
rmpBo}rmo tad wr oO 
OoO;1;o;o!lo © 


=> | oi[T Nm pa es uw 
o;o\}o jan] (on) oO 


2 |TdCr(RFSHr) {Clock } to RFSH 7 Delay 
23 | TdCr (RDr) Clock | to RD 7 Delay 180 
24 | TdCr (RDf) Clock T to RD | Delay 150 ns 


Data Setup to Clock | during M2, M3, 
M4 or M5 Cycles 


Address Stable prior IORQ | 
27 |TdCr(IORQF) |Clock } to IORQ | Delay 
8 |TdCf(IORQr) {Clock | to IORQ fF Delay 
29 | TdD (WRT) Data Stable Prior to WR | 

0 | Tdcf (WRf) Clock | to WR | Delay 
TwWR WR Pulse Width 
TdCf (WRr) Clock | to WR 7 Delay 
TdD (WRf) Data Stable Prior to WR | 
TdCr (WRf) Clock } to WR | Delay 
TdWRr (D) Data Stable from WR ? 
TdCf(HALT) {Clock | to HALT for | 
TwNMI NMI Pulse Width 
TsBUSREQ (Cr) |BUSREQ Setup Time to Clock 7 
ThBUSREQ (Cr) | BUSREQ Hold Time after Clock ? 
TdCr (BUSACKf) 
TdCf (BUSACKr) 


Clock T to BUSACK | Delay 
TdCr (Dz) 


25 | TsS (Cf) 


RO 


6 | TdA (IORQf) 


NO 


~ —_ 
© oO 


NO 
a 
© 
3 | 5 
m1 n 


=) 
va) 


>) 
a) 


—_ amd | ek 
Ww o;u 
© CO 1oO 


2 
3 
4 
5 
6 


—_ 
1o2) 
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> 
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~S — 
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Clock | to BUSACK 7 Delay 
Clock T to Data Float Delay 


Clock T to Control Outputs Float Delay 
(MREQ, lORQ, RD, and WR) 


Clock f to Address Float Delay 


n 


3 


S 


43 | TdCr (CTz) 


dCr (Az) 


p= 
oO 


— 
Ro 
© 


rn 





— | oo NO nh 
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(3/3) 


TMPZ84C011AF-6 | TMPZ84C011AF-6 
ES al 
2 
NT t | 
esa 














oa 
mae 
ow 
TsINTr(C)__[INTtoClock Hold Time | 15 | 
al 

faa 

es 

fa 


4 
4 
4 
4 


8 
9 
0 







6 
7 
3 


| 50 | TdMi1f (ORQ#) |M7 | to TORQ | Delay 1050 | — | 362 
[5 racr ono [leds ie RO oeoy P= T= pws = = Dep 
2 rer onan [ceeet ORG tory [= |= Taw [= [= Pe 
[racy [tose [eo bstavana bey T= | = Yao0 T= [= Pa 





290589 


4.3.2 AC Characteristics of CGC (in Active State) 
TMPZ84C011AF-6 | TMPZ84C011AF-6 
Vee = 2.7V~5.5V 
SYMBOL PARAMETER (2MHz) (6MHz) UNIT 
in.| Typ. max.ivin.| Typ. max. 
CLK restart time by INT 2144 (214 + 
+ 
RSTIINDS | Stop Mode be Pee 1 ane 4 
CLK restart time by NMI 2144 (214 +4 
TRST (NMI 
CLK restart time by INT 2.5 2.5 
TRST (INT) | 
sunny fookrestars = | ce | = |= [fe [=| 
CLK restart time by NMI 2.5 Z2 
+ 
RSTINMD hoLE ode = | sce | = |= fre [= | 
CLK restart time by RESET 
1 
RST ESE IDL Mode = [te [= [= [te [= | 


290589 















N 















O. 
54 
55 
56 
57 
58 


4.3.3 AC Characteristics of CTC (in Active State) 
(1/2) 


TMPZ84C011AF-6 | TMPZ84C011AF-6 
Vee =2.7V~5.5V 
SYMBOL PARAMETER (2MHz) (6MHz) UNIT 


TdM1 (IEO) 


TdlEl (IEOF) Delay from IEI fall to IEO fall 


Delay from IEI rise to IEO rise 
atone oa = fe [= [ref 
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N 


Delay from M1 fall to IEO fall (in case of 
generating only interrupt immediately 
before M1 cycle 






O. 
59 
61 
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TMPZ84C011AF-6 | TMPZ84C011AF-6 
Veco =2.7V~5.5V 
NO. SYMBOL PARAMETER (2MHz) (6MHz) 


CLK/TRG setup for detection of 
interrupt 
TsCTR (C) Satisfied 
62 | TsCTR (INT) 
TsCTR (C) not Satisfied 


63 |TcCTR CLK/TRG Frequency 
4 |TrCTR CLK/TRG rising time Pe 
5 |TACTR CLK/TRG falling time = | 


(2/2) 


























ain 


















rise requiring immediate count 
TSCTR (CT) 
prescaler (timer mode) 
TMPZ84C011AF-6 | TMPZ84C011AF-6 
Vec=2.7V~5.5V 
NO. SYMBOL PARAMETER (6MHz) (6MHz) 
: MIN. | TYP. |MAX.}| MIN. | TYP. |MAX. 


TWCTRI Low CLK/TRG Pulse Width 240 
(counter mode) 
70 |TdC(ZC/TOr) |Delay from clock risetoZC/TO rise | — 
72 | TdCf (Pout) Delay from clock fall to port 
data output 


67 | TwCTRh High CLK/TRG Pulse Width 240 
Set-up time up to CLK/TRG rise for clock 
TsCTR (Cs) 
Set-up time up to CLK/TRG rise for clock 
rise requiring immediate start of 
71 |TdC(ZC/TOf) |Delay from clock fall to ZC/TO fall 
4.3.4 AC Characteristics of I/O (in Active State) 
= rmonon Fecgeae mAPETT6 |— YP [== Pw 
Set-up time 
94 |ThPIN Port Input to IORQ and RD fall 
Hold Time 
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4.4 CAPACITANCE 
Ta=25°C 


cme r= [= | 
BU ECenaciance ALL terminals > ne 
Output Capacitance except that to be measured ae eee ee 


should be earthed 
290589 
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4.5 ACTIMING CHARTS (1) (IN ACTIVE STATE) 
4.5.1 AC Timing Charts of CPU (in Active State) 


Figure 4.5.1 through 4.5.8 show the basic timing charts. The circled numbers in these 
charts correspond to the numbers under the number column of the AC Electrical 
Characteristics Tables. | 


Ty T2 Tw T3 T4 

CLK On K K , 

ose | = 

oF © 

AQ~A15 | N Programcounter_|{ _||_ = __Refreshaddress_ _) 
(6) 


ol hee} 
MREQ Po 1 <@ A 
(14) 
2 se 
MP P@a@Pi [f- 
‘et |e 


al <@ @l || | <@ 
ae See << ear TT ae 


a lace ee Gi) >| }<@) 
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Figure 4.5.1 Opcode Fetch Cycle 
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CLK 


AQ~A15 





r RD 
Read 


operation 
DO~D7 


~ 


Write 
operation 
DO 


RD 
Input 
operatio 


WR 
Output 
operatio 


DO~D/7 


Note: 


TMPZ84CO11A 


T2 Tw T3 
iN \ N 
! | [=e 
Programcqunter |. a ae: 
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Figure 4.5.2 Memory Read/Write Cycle 





T3 
\ \ 

e}-f “] mec 

<a" wee a | es ee 

| 

femee O27 | 
ae a eae eed 

6 ig: 

) HH X Input data} 
= ~|@ 
(3) N << 
er al (3) — 
data,, output 


1-wait state (Tw*) is inserted automatically by MPU 
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Figure 4.5.3 |/O Cycle 
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TMPZ84C011A 
TL Ty T2 Tw* Tw* Tw T3 
CL X \ ; 
gC | | 
AO~A15 _ ; ——Programecounter | aa ee. 
_ <> pam) 
M1 
-@ 
IOR " 
cm 
AIT YL 
a 
DO~D7 Cinpuraata } 
Note 1. Ty : Laststate of insturuction 
2. 2-wait state (TW*) is inserted automatically by MPU cae 
Figure 4.5.4 Interrupt Request/Acknowledge Cycle 
Last M cycle M1 
TL T; T2 T3 Ta is 
CLK 
am 77777 YP 7 
Oe 
AO~A15 BD: 
@} aa 
WT i 
OX 
- Lo 
7 @ 
RD 
@)) @—| |— 
RFSH 
Note: NMlis asynchronous, but its falling edge signal must occur synchronously with the 


rising edge of previous TL state for correct response to the supsequent machine cycle. ae 


Figure 4.5.5 Non-maskable Interrupt Request Cycle 
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Last M cycle 
TL Tx Tx Tx Ty 
CLK 4 ‘4 
! LO} 
2 i 
BUSREQ ee on ee 
— 
BUSACK 
Floating state 
AQ~A15 |} 1 
ra Floating state 
DO~D7 =: 
MREQ a Floating state 
RD, WR Poop 
[ORO 


= 


HALT Unchanged 


Note: 1. TL: Laststate ofa given machine cycle 
2. Tx : Clock used by peripheral LSI that made request. eae 


Figure 4.5.6 Bus Request/Acknowlege Cycle 


M1 of halt instruction 





Mi 








My 
T4 T4 T2 T3 T4 Ty T2 


Note: INT ssignal is also used for releasing HALT state. 
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Figure 4.5.7 Halt Acknowledge Cycle 


MPUZ80-392 


TOSHIBA TMPZ84C011A 








— M4 Ce Se Te ee 
CLK Ll T2 
§ =A < 
@x © 
RESET \_/ 
>(6) < 
Rose Floating state 











120489 


Figure 4.5.8 Reset Cycle 
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4.5.2 AC Timing Cfarts of CGC (in Active State) 


T4 1 T2 T3 T4 
CLK 
a ae) 
<~——@) 
NMI 
120489 
Figure 4.5.9 Clock Restart Timing (STOP mode) 
Ta 14 T2 T3 Ta 
CLK 
INT - 
ae 
NMI 
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Figure 4.5.10 Clock Restart Timing (IDLE mode) 


1 
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Figure 4.5.11 Timing of Clock Start by RESET (IDLE mode) 
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4.5.3 AC Timing Charts of CTC (in Active State) 


Ti T2 TW ts 


CLK /TRGO-3 





CLK /TRGO-3 
<> (7) 
ZC/TOO-2 
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Figure 4.5.12 CTC Timing Diagram 
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INT 





CLK/TRGO-3 


TL: Last state of instruction 
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Figure 4.5.13 CTC Interrupt Occurrence Timing 
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4.5.4 AC Timing Charts of 1/0 (in Active State) 


Ty ¥3 Tw T3 
CLK 


OUTPUT PORT DATA 
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Figure 4.5.14 1/0 OUTPUT Timing 


INPUT PORT DATA 
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Figure 4.5.15 I/O INPUT Timing 
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4.6 ACELECTRICAL CHARACTERISTICS (2) (IN INACTIVE STATE) 
Ta= —40°C~ +85°C, VCC=5V+10%, VSS=0V 


4.6.1 AC Characteristics of CGC (in Inactive State) 


TMPZ84C011AF-6 | TMPZ84C011AF-6 
Vec=2.7V~5.5V 
JNO.| SYMBOL PARAMETER (2MHz) (6MHz) UNIT 


reece Si om — foe | - fs] - [oe 
[2 [wer esocx wats is _——idtao | — foc] - | m[— | 


3 | TwCl CLOCK Width (Low) 
CLOCK Fall Time 










Bh 
d/o 
im] ah 
OIA 


N 
= NO 
oO 
Eee 
mae 
au 
Ww 
oO 


W 
© 
— 
NO 


CLOCK Rise Time 


=) 


Clock (CLK) restart Time by INT 
HE INT 
EES (STOP mode) 


NY nw 
pa 
a 


1S 
pai 
im) 
O 
3 









7 |TRST (NMI) S Clock (CLK) restart Time by NMI 


(STOP mode) 


Non 
BE 
+ 


Clock (CLK) restart Time by INT 
N 
ise rNT) | (IDLE mode) 


> 





Clock (CLK) restart Time by NMI 
TRST (NMI) | 
( ) (IDLE mode) 


4N 

ay 

‘ed 
3 


Clock (CLK) restart Time by RESET 
(IDLEmode) 


HALT set-up Time 


—_— 


QO | TRST (RESET) | 


~ 
n 


11 | TSsHALT (Mir) 


Nn 
“as 
QO + 
" rn rn Le) nn NY "Nn 





DE 
ra 
‘@) 


a) 
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4.6.2 AC Characteristics of CTC (in Inactive State) 
(1/2) 


TMPZ84C011AF-6 | TMPZ84C011AF-6 
Vee =2.7V~5.5V 
NO. SYMBOL PARAMETER (2MHz) (6MHz) UNIT 
fa [ie ___|Fotatne Pol — [=| 9]-[- fe 
fia [ce ___|eeertoaareetuptinetococet | 20 — | — [150] — | — | me 
15 | TslO (C) IORQ | set-up time to clock T | = | 70, 
6 | TsRD (C) RD | set-up time to clock } 26 = 
Tdc (DO) clock T to Data Valid Delay 260 | = | 
TdC (DOz) IORQ, RD f to Data Float Delay 250 | = | 
9 | TsDI (C) Data Input set-up time to clock fT | 40 | 
20 | TsM1 (C) M1 set-up time to clock |= | 70 | 
clock T 
ie lreMceGp: Jt tereOy Belay | 350 
(in case of generating only interrupt 
immediately befor M1 ) cycle 
200 | = 
4 | TdIlEl (1EOr) IEI } to IEO 7 Delay (after ED decode) = 
25 | TdC (INT) Clock } to INT | Delay oe 
+ 200 


2 | TdlO (DOI) IORQ | to Data out delay (INTA cycle) 

CLK/TRG 7 to INT | Delay TcC 

TsCTR(c) Satisfied +200 
+1732 

26 | TdCLK (INT) : 

TsCTR (c) not Satisfied 2TcC 
+ 200 
+732 










—> 


= 
N 





(oe) 








n 
n 
n 
n 
n 
n 


W 
oO 
© 


3 |TdIEI(IEOf) —|IEI | to IEO | Delay 







— | oo | = 
= |OoO |] —= Le) 
oO}ro]o& (=) 


2 
2 
2 


NO 
Wi 
© 


S 
S 
$ 
S 
ns 
S 
ns 
S 
ns 
ns 
ns 


eae 
io) 
NA 


SN = 
oO Oo 
| a jalajalafa} oa | oa [a 
nla n n n 


No NO 
B oO 
ro) oO1o 


ee 
aril 
eam 
ca 
eee 
bea 
eau 
Le 
i 
TcC 


} 










=) 










(counter mode) 


fae [rrcre __|eutneraingtime | , 

fas [icra estas atingtime «dt : 
: Set-up time up to CLK/TRG rise for clock 

32 | TsCTR (Cs) rise requiring immediate S 
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(2/2) 


TMPZ84C011AF-6 | TMPZ84C011AF-6 
Vcc =2.7V~5.5V 
NO. SYMBOL PARAMETER (2MHz) (6MHz) UNIT 
Set-up time up to CLK/TRG rise for clock 
33 | TSCTR (Ct) rise requiring immediate start of 300 150 re 
prescaler 
(timer mode 


) 
TdC(ZC/TOr) |Delay from clock rise to ZC/TO rise )- | -— | 300] - | - | 140] ns_ 
TaC(2C/TOF) [Delay from clock fallto zcrro fal | — | — | 220] — | — | 140 | ns 
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4.6.3 AC Characteristics of I/O (in Inactive State) 
TMPZ84C011AF-6 | TMPZ84C011AF-6 
Vee = 2.7V~5.5V 
NO. SYMBOL PARAMETER (2MHz) (6MHz) 
TSCE (Cr) CE(A7~A0) to clock} Set-up time | 300] — _ 
37 | TslIO (C Set-up time from clock F to l|ORQ | 150 
( 


























) 
8 | TsRD (C) Set-up time from clock 7 toRD | 
TdC (DO) Delay from clock 7 to Data Output 
Z 4 
) 
) 


158) 


ce) 


4 


—_— 


Delay from clock IORQ and RD 7 
oes ee) to Data Float 

TsDI (C Data Input to clock f Set-up time Poof — 
TSWR (C Set-up time from WR | to clock 7 | 150} — 





42 
43 |TdIOWRr(D) |Output Data Stable from IORQ, WR | 100 
4 


44 | TdCf (Pout) Delay from clock | to Data Output = 
45 | TSPIN (IORDS) Port Input tolORQandRD | 

Set-up time 
46 | ThPIN (IORDY) ee to IORQ and RD 7 a 


Note : Timing Measurements are made at the following voltage. 
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Input : VIH=2.4V VIL=0.4V 

Output : VOHC=Vcc—0.6V VOLC=0.6V (CLK) 

Output : VOH=2.4V VOL=0.8V (Except CLK) 
Cy =100pF 
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4.7 ACTIMING CHARTS (2) (IN INACTIVE STATE) 
4.7.1 AC Timing Charts of CGC (in Inactive State) 
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Figure 4.7.1 Clock Restart Timing (STOP mode) 
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Figure 4.7.2 Clock Restart Timing (IDLE mode) 


Ty 


<—— (10) ——> 
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Figure 4.7.3. Timing if Clock Restart by RESET (IDLE mode) 








HALT 
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Figure 4.7.4 Clock Suspension Timing (IDLE/STOP modes) 
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4.7.2 AC Timing Charts of CTC (in Inactive State) 
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Figure 4.7.5 CTC Timing Diagram (Inactive) 
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4.7.3 AC Timing Charts of I/O (in Inactive State) 


4 T2 Tw T3 
CLK 
CE 
(A7~Ao) | 
IOR 7) 


@ 
DATA a aE 


(D7~Do) 
— ~<—() ree <—(46) 
BeYA ee ee eee 
PORT DATA 
Figure 4.7.6 (a) I/O READ Timing 
Ty : 12 Tw T3 
CLK 
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CE 

(A7~Ao) ae laa 


<——@) <-@ 
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(D7~Do) ane ae anne 
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ye | | 
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Figure 4.7.6 (b) I/O WRITE Timing 
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4.8 OUTLINE DRAWING 
QFP100-P-1420B 


Unit: mm 
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TMPZ84C013AT-6 / TMPZ84C013AT-8 
TLCS-Z80 MICROPROCESSOR 


1. OUTLINE AND FEATURES 


The TMPZ84C013A is a high-performance CMOS 8-bit microprocessor incorporating 
the counter timer circuit (CTC), the serial I/O port (SIO), the clock generator/controller 
(CGC), and the watchdog timer (WDT) around the TLCS-Z80 MPU. This microprocessor 
inherits the basic architecture of the TLCS-Z80 series, allowing the user to utilize the 
software resources and development tools accumulated so far. 

The TMPZ84C013A is based on the new CMOS process and housed in a standard 84- 
pin PLCC package, greatly contributing to system miniaturization and power saving. 

The TMPZ84C0138A incorporates the high-performance serial I/O port, the counter 
timer circuit which can be used as the baud rate generator, and the watchdog timer 
indispensable for control applications, offering the user a wide range of system 
applications such as the communication controllers including a communication adaptor 
and the various other controllers which need miniaturization. 


Features 
e Built-in TLCS-Z80 series MPU, CTC, SIO, CGC and watchdog timer features. 
e High speed operation (6MHz and 8MHz operations) 
e Built-in clock generator (CGC:Clock Generator Controller) 


6 Built-in standby capability (with the controller built in) provides 4 operation 
modes: 


Run mode (Normal operation) 

Idle-1 mode (Only clock oscillation goes on. ) 

Idle-2 mode (Wake-up by CTC enabled. ) 

Stop mode (Clock oscillation stopped; standby state) 


e Wide operational voltagerange (5V+10%:6MHz VERSION, 
5V 45% :8MHz VERSION) supported. 


e Wide operating temperature range (—40°C to +85°C : 6MHz VERSION, 
—10°C to + 70°C : 8MHz VERSION) 


e Low power dissipation 
In operation: (RUNmode) 22mA TYP. at6MHz, 31mA TYP. at 8 MHz 


In idle: (IDLE-1 mode) 1.5mA TYP. at6MHz, 2mATYP. at 8 MHz 
(IDLE-2 mode) llmA TYP. at6 MHz, 15mA TYP. at 8 MHz 


In standby: (STOP mode) 500nA TYP. 
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e Built-in TLCS-Z80 series SIO capability 


e A pair of independent full duplex channels supports the asynchronous as well as 
synchronous byte-oriented (monosync and bisync) and bit-oriented HDLC and 
CCITT-X. 25 protocols. 


® Built-in CRC generation and check capability. 
e Data transfer rates of up to 1200 K bits/sec (6 MHz) and 1600 K bits/sec (8 MHz) 
e Built-in TLCS-Z80 series CTC capability 


Four independent built-in channels. 
The timer or counter modes can be set . 
Also available as the SIO baud rate generator. 


@ Built-in watchdog timer 
e Programmed daisy-chain interrupt control 
e Built-in dynamic RAM refresh controller 


8 TTL/CMOS compatible 





e Housed in compact standard 84-pin PLCC package 


@ The Toshiba real-time emulator (RTE80) and the commercially available Z80 ICE 
can be used (the TMPZ84C013A used as the evaluator). 


e The Toshiba evaluator board installed. 


note: Z80isatrade mark of Zilog Inc. 
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2. PIN ASSIGNMENT AND FUNCTIONS 
2.1. PIN ASSIGNMENTS (TOP VIEW) 


[] CLK/TRGO 


r1A12 
rT A13 


I<cdqqe 
Seeks 










r]}A14 
—-LIA15 
PP VCC 
Tr] DO 
1] D1 
LI D2 
L] D3 
1] D4 
1} D5 
LI D6 
J D7 


SN 





A4 CLK/TRG1 
A3 CLK/TRG2 
A2 CLK/TRG3 
Al ZC/TO3 
AQ ZC/TO2 
M1 ZC/TO1 
BUSREQ ZC/TOO 
WAIT CLKIN 
WR CLKOUT 
1ORQ NC 
VSS XTAL2 
MREQ XTAL1 
NC VSS 
INT WDTOUT 
RFSH JEI 
NC IEO 
RESET EV 
BUSACK NC 
RD NMI 
HALT 1] A7RF 
W/RDYA 54] W/RDYB 
arte Cro ero Tio C] Ere! eres 
tI gt jt fet < lt [tit [qr Ur [M[mM im |[m M\[m jm @ [Mm 
VAWIW Ale Nina UU YU |AIN|[ynNla AW |U AY 
Zxx<K >< &— iE IE IF JU — > — UIE IE IE x|=x |x =x i2 
a oe fee | 0 fe [UO * °BEBE GEESE 
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Note: TheICT pin is the test pin. Do not make any external connection to this pin. 


Figure 2.1.1 Pin Assignment 
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2.2 (A) PIN FUNCTIONS 
(1/5) 


: Q'ty ; 
DO-D7 eo The 8-bit bi-directional data bus. 
ae 83) eo state 


AQ-A15 16 Output The 16-bit address bus. 
(1-16) 3-state These pins specify memory and |/O port addresses. 
During a refresh cycle, the refresh address is output to 
the low-order 7 bits and A7RF. 


M1 Output The Machine Cycle 1 signal. 
ne 3-state In an operation code fetch cycle, this pin goes “0” with 
1 Output 
(30) 3-state 


























impedance state. 















The Read signal. !t indicates that the MPU is ready for 
accepting data from memory or I/O device. The data 
from the addressed memory or I/O devices is gated by 
this signal onto the MPU data bus. When the BUSREQ 
signal is applied, this pin is put in the high-impedance 
state. 








The Write signal. This signal is output when the data 
to be stored in the addressed memory or !/O device is 
on the data bus. When the BUSREQ signal is applied, 
this pin is put in the high-impedance state. 


the MREQ signal. At the execution of a 2-byte 
operation code, this pin goes “0” for each operation 
1 Output 
(20) 3-state 
1 Output 
(23) 3-state 


code fetch. In a maskable interrupt acknowledge 
1 Output 
(21) 3-state 








The Memory Request signal. When the execution 
address for memory access is on the address bus, this 
pin goes “0” . During a memory refresh cycle, this pin 
also goes “0” with RFSH signal. 








The Input/Output Request signal. This pin goes “0” 
when the address for an I/O read or write operation is 
on the low-order 8 bits (AO through A7) of the address 
bus. The IORQ signal is also output with the M1 signal 
at interrupt acknowledge to tell an I/O device that the 
interrupt response vector can be placed on the data 
bus. Note that the interrupt priority among the 
TMPZ84C013A CTC, and SIO is selected by a program. 


















The Interrupt Enable Output signal. In the daisy chain 
interrupt control, this signal controls the interrupt 
from the peripheral LSIs connected next to the 
TMPZ84C013A. The IEO pin goes “1” only when the 
IEl pin is “1" and the MPU is not servicing an interrupt 
from the built-in peripheral LSI. 






cycle, this pin goes “0” with the IORQ signal. When 
1 Output 
(59) 


the EV signal is applied, this pin is put in the high- 
MPUZ80-407 
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(2/5) 


ny nee 


XTAL1 2. Input The crystal oscillator connection. 
XTAL2 (63) Output Connects an oscillator having the oscillation frequency 
(64) 2 times as high as the system clock (CLKOUT) 
frequency. 


CLKIN 1 Input The Single-phase Clock Input. 
(67) 


When the clock input is placed in the DC state 
(continued “1” or “0” level), this pin stops operating 
CLKOUT 1 Output 
(66) 
RESET 1 Input 
(28) 


and holds the state of that time. 
INT 1 Input 
(25) 


Normally, this pin is connected with the CLKOUT pin. 
However, to operate the system with the external 
clock, connect the external clock to the CLKIN pin. 
WAIT 1 Input 
(19) 
1 Input 
(18) 
1 Output 
(29) 
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The Single-phase Clock Output. 
When a Halt instruction is executed in the Stop or Idle- 
1 mode, the CLKOUT output is retained at “0”. In the 
Run and Idle-2 modes, the clock is kept output. This 
pin provides the clock to other peripheral ICs. 






The Reset signal input. This signal resets the internal 
states of the TMPZ84C013A. This signal is also used to 
return from the standby state in the Stop or Idle 
mode. 






The Maskable Interrupt signal. An interrupt is caused 
by the internal CTC, SIO or the peripheral LSI. An 
interrupt is acknowledged when the interrupt enable 
flip-flop (IFF) isset to “1” by software. 

The INT pin is normally wire-ORed and requires an 
external pullup resistor for these applications. This 
signal is also used to return from the stand-by state in 
the Stop or Idle mode. 

















The Wait Request signal. This signal indicates the MPU 
that the addressed memory or I/O device is not ready 
for data transfer. As long as this signal is “0”, the MPU 
is in the Wait state. 














The bus Request signal. The BUSREQ signal forces the 
MPU address bus, data bus, and control signals MREQ, 
IORQ, RD, and WR to be placed in the high-impedance 
state. This signal is normally Wire-ORed and requires 
an external pullup resistor for these applications. 


















The Bus Acknowledge signal. In response to the 
BUSREQ signal, the BUSACK signal indicates to the 
requesting peripheral LS! that the MPU address bus, 
data bus, and control signals MREQ, IORQ, RD and WR 
have been put in the high-impedance state. 
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HALT 1 Output The Halt signal. This pin goes “0” when the MPU has 
(31) 3-state executed a Halt instruction and is in the Halt state. It is 
put in the high-impedance state when the EV signal is 
applied. 
RFSH 1 


Output The refresh signal. When the dynamic memory refresh 
address is on the low-order 8 bits of the address bus, 
this signal goes “0” . At the same time, the MREQ 
signal also goes active ("0"). This pin is put in the 
high-impedance state when the EV signal is applied. 





















(26) 


CLK/TRGO 4 Input 
ae (72-75) 
CLK/TRG3 


4 Output 
(68-71) 
1 Input 
(60) 


; 
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The external clock/timer trigger. These 4 CLK/TRG pins 
correspond to 4 channels. In the counter mode, the 
down counter is decremented by 1 and in the timer 
mode, the timer is activated at each active edge (a 
rising or falling edge) of the signal which are input by 
these pins. It can be selected by program whether the 
active edge is a rising or falling edge. 




















The Zero Count/Timer Out signal. In either the Timer 
mode, or counter mode, pulses are output from these 
pins when the down counter has reached zero. 





The Interrupt Enable Input signal. This signal is used 
with the IEO to form a priority daisy chain when there 
is more than one interrupt-driven peripheral LSI. 






The Non-maskable Interrupt Request signal. 

This interrupt request has a higher priority than the 
maskable interrupt and is not dependent on the 
interrupt enable flip-flop (IFF) state. This signal is also 
used to return from the stand-by state in the Stop or 
Idle mode. 








The Evaluator signal. When this signal is active, the 
M1, HALT, and RFSH pins are put in the high- 
impedance state. In using the TMPZ84C013A as an 
evaluator chip, the MPU is electrically disconnected 
(put in the high-impedance state) after one machine 
cycle is executed with the EV signal being “1” and the 
BUSREQ signal being “0”, and follows the instructions 
from other MPU (such as the MPU of ICE). The signals 
of the disconnected MPU are AO through A15, DO 


















RFSH. BUSACK needs to be disconnected by an 
externally connected circuit. The evaluator board is 
available to use the TMPZ84C013A as an evaluator 
chip. 
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A7RF 1 Output 
(55) 


WIRDYA 
W/RDYB ~ 
SYNCA 


_ (4/5) 


The 1-bit auxiliary address bus. This pin outputs the 
same signal as the bit 7 (A7) of the address bus. 
However, during a refresh cycle, this pin outputs the 
address which is the most significant bit of the 8-bit 
refresh address signal linked to the low-order 7 bits of 
the address bus. 



















The Wait/Ready signal A and the Wait/Ready signal B. 
These signals can be used as the Wait or Ready 
depending on SIO programming. When these signals 
are programmed as “Wait”, they go active at “0" to 
indicate to the MPU that the addressed memory or I/O 
devices are not ready for data transfer, requesting the 
MPU to wait.’ When these signals are programmed as 
“Ready”, they go active at “0” to determine when a 
peripheral device associated with a DMA port is ready 
for a read or write data. The DMA is requested to 
transfer data. 











2 Output 
(32, 54) 


2 Input/output |The Synchronization signal. In the asynchronous 

SYNCB (33, 53) receive mode, these signals act as the CTS and DCD 
signals. In the external sync mode, these signals act as 

inputs and in the internal sync mode, they act as 

The Receive Clock signal. In the asynchronous mode, 


outputs. 
RXDA 2 Input 
RXDB (34, 52) 
RXCA 2 Input 
RXCB (35, 51) the Receive Clocks may be 1, 16, 32 or 64 times the 
data transfer rate. 
XCA 
TXCB 
DTRB 
RTSA 
RTSB 















The Serial Receive Data signal. 


















TXDA 2 Output The serial transmit data signal. 
TXDB (37, 49) 
2 


DTRA Output The Data Terminal Ready signal. These signals 
(38, 48) 


T 2 Input The Transmitter Clock signal. In the asynchronous 
(36, 50) mode, the Transmitter Clocks may be 1, 16, 32, or 64 
times the data transfer rate. 


indicate whether the data terminal is ready to receive 
serial data or not. When it is ready, these signals go 
active to enable the transmitter of the terminal. 
When it is not ready, these signals go inactive to 
disable the transfer from the terminal. 








The Request to Send signal. These pins are “0” when 
transmitting serial data. That is, to transmit data, 
these signals are made active to enable their receivers. 


2 Output 
(39, 47) 
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CTSA 2 Input The Clear To Send signal. When these pins are “0”, 
CTSB (40, 46) the modem having transmitted these signals is ready 
to receive serial data. When it is ready, these signals 
go active to enable the transmitter of the terminal. 
When it is not ready, these signals go inactive to 
disable the transfer from the terminal. 
DCDA 2 Input The Data Carrier Detect signal. When these pins are 
DCDB (41, 45) “QO” the receive of serial data can be enabled. That is, 
to transmit data, these signals are made active to 
enable their receivers. 
ICT 2 Output The test pins. To be used in the open state. 
(42, 44) 
WDTOUT 1 Output The Watchdog Timer signal. 
(61) The output pulse width depends on the externally 
connected pin. 
VCC 2 The power supply (+5 V) pins. 
(43, 84) 
VSS 2 The ground (0 V) pins. 
(22, 62) 
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2.2 (B) TMPZ84C013A Internal I/O Address Map 


Internal 1/0 VO Address 


CTC 
(Counter Timer) 


ch A Send/Receive buffer 
SIO ch A Command/Status Register 


(Serial I/O) ch B Send/Receive buffer 
ch B Command/Status Register 


Watch Dog Timer 
Stand-by mode Register LE EET aU 
Watch Dog Timer Clear command (4Ey) 
command Register disable command (B14) 
Daisy-chaine int ; 

Cee as Only use bit2~bitO 
precedence Register 
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3. OPERATIONAL DESCRIPTION 
3.1 BLOCK DIAGRAM AND OPERATIONAL OUTLINE 


3.1.1 Block Diagram 
XTAL1 = XTAL2 Mi HALT CLKOUT EV BUSREQ BUSACK 


CLKIN 





ZC/TOg 

5 
ZC/TO3 
CLK/TRGo 


5 
CLK/TRG3 


R RFSH 


Watchdog timer 
& 


registers 


MS1.MS2 


Do~Dz Aoo~Ai5 
Figure 3.1.1 Block Diagram of TMPZ84C013A 
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3.1.2 Operational Outline 


The TMPZ84C0138A largely consists of a processor (MPU), a counter/timer circuit 
(CTC), a serial input/output controller (SIO), a watchdog timer (WDT), and a clock 
generator/controller (CGC). 


e The MPU provides all the capabilities and pins of the Toshiba TLCS-Z80 MPU 
(TMPZ84CO00A) to play the role of the TLCS-Z80 microprocessor perfectly. 


e The CTC provides the capabilities of the Toshiba TLCS-Z80 CTC (TMPZ84C30A) 
and has the pins required to perform the necessary operations as a TLCS-Z80 
peripheral LSI. The four independent timer channels are J/O-addressed internally. 





e The SIO provides the capabilities of the Toshiba TLCS-Z80 SIO (TMPZ84C43A) 
and has the pins required to perform the necessary operations as a TLCS-Z80 
peripheral LSI. The two independent serial channels are I/O-addressed internally. 


e The WDT incorporates one-channel watchdog timer and the read/write-enabled 
watchdog timer control registers indispensable for control applications. The WDT 
also has the register to determine interrupt priorities, allowing the user to set the 
daisy-chain interrupt priorities by program. Additionally, the WDT has the IEI 





and IEKO pins required to process the daisy- chain interrupts caused by the 
peripheral LSIs to be added both inside and outside the TMPZ84C013A. 


e The CGC provides the four operation modes to control the entire TMPZ84C013A 
chip; the Run, Idle-1, Idle-2, and Stop modes. They are program-selectable. This 
chip has two clock pins: CLKOUT to supply clock from the CGC and CLKIN to get 
clock from the outside. Therefore, the TMPZ84C013A can be operated on the clock 
supplied from the outside at the CLKIN pin without using the CGC. The following 
briefly describes the four operation modes of the CGC with the CLKOUT and 
CLKIN pins connected: 


e In the Run mode, the clock generated by the CGC is supplied to the 
TMPZ84C013A and peripheral LSIs to perform the normal programmed 
microcomputer operations. 


e In the Idle-1 mode, clock oscillation is going on but the clock is not supplied to the 
TMPZ84C013A and peripheral LSI, thereby saving the system power consumption 
and shortening the time required for system restart. 
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e In the Idle-2 mode, clock oscillation is performed and the clock is output from the 
CLKOUT pin. The clock is supplied only to the CTC in the TMPZ84CO013A, 
permitting a wake-up operation by the CTC. Like the Idle-1 mode, the Idle-2 mode 
saves the system power consumption and shortens the time required for system 
restart. 


e In the Stop mode, clock oscillation is not performed and the system operation can 
be stopped completely. In this mode, the system can be restarted with the internal 
data retained with an extremely low power consumption level unique to the CMOS 
technology. 


Note that these modes can be set only when the MPU has executed a HALT 
instruction. 

Additionally, the TMPZ84C013A has also the EV pin which is used with the 
BUSREQ pin to put the MPU in the high-impedance state for electrical disconnection, 
thus functioning as an evaluator chip. That is, the MPU in the TMPZ84C013A is 
electrically disconnected by these two pins to implement the emulation by the signal 
from the in-circuit emulator (ICE). For emulation, one machine cycle is performed on 
the MPU in the TMPZ84C013A with EV being “1” and the BUSREQ being “0” then the 
emulation is performed as instructed by the MPU. The MPU signals to be disconnected 


are AO through A15, DO through D7, MREQ, IORQ, RD, M1, HALT, and RFSH, 
BUSACK needs to be disconnected by an externally connected circuit. 
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3.2 MPU OPERATIONS 


This subsection describes the system configuration, functions and the basic 
operations of the MPU of the TMPZ84C013A. 


3.2.1 Block Diagram 
Figure 3.2.1 shows the block diagram of the MPU. | 


fT 


Adress bus output circuit 





Accumulator (A) Accumulator (A | 

















Flag (F) Flag (F) | 
z 
5 
< 
A 
: z 
y q 
r é 
c : 
as z : 
a ae lY register 
Stack pointer (SP) 
“2 za 
= Oo Program counter (PC) 
a iF Temporary register 
f- 7 Incrementer/decrementer 
<I oc 
QA -_ 
WN {) 
=a . a_—d LL 
= Instruction ° o 
decoder = “4 
Z Ww 
Oz 
U wi 
ane <— EV 
— 
Data I/O VO Control jw <— RESET 
signal to =e 
IEE1 | IEF2 Control Control pcre a © RFESH 
“ M1 
Interrupt 
contr Control bus controller 
NMI INT IORQ HALT WAIT MREQ RD WR ~~ BUSREQ_ BUSACK 
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Figure 3.2.1 MPU Block Diagram 
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3.2.2 MPU System Configuration 


[1] 


The MPU has the configuration shown in Figure 3.2.1. The address signal is put on 
the address bus via the address buffer. The data bus is controlled for input or output by 
the data bus interface. Both the address and data buses are put in the high-impedance 
state by the BUSREQ signal input to make them available for other peripheral LSIs. 
The Opcode read from memory via the data bus is written to the instruction register. 
This Opcode is decoded by the instruction decoder. According to the result of the 
decoding, control signals are sent to the relevant devices. Receiving these control 
signals, the ALU performs various arithmetic operations. The register array 
temporarily hold the information required to perform operation. 

The following describes the MPU’s main components and functions which the user 
must understand to operate the TMPZ84C013A: 


Internal Register Groups 
The configuration of the internal register groups is as follows: 
(1) Main registers 
A, F, B,C, D,E, H,L 
(2) Alternate registers 
A’, F’, B’,C’, D’, EB’, H’, VL’ 
(3) Special purpose registers 
I, R, [X, TY, SP, PC 


Figure 3.2.3 shows the configuration of the internal register groups. The register 
groups, each being of a static RAM, consists of eighteen 8-bit registers and four 16-bit 
registers. The following describes the function of each register: 


(1) Main registers (A, F, B, C, D, E, H, L) 
(a) Accumulator (A) 


The accumulator is an 8-bit register used for arithmetic and data transfer 
operations. 


(b) Flag register (F) (see Figure 3.2.2) 


The flag register is an 8-bit register to hold the result of each arithmetic 
operation. Actually, the 6 of the 8 bits are set (“1”)/reset (“0”) according to the 
condition specified by an instruction. 
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MSB LSB 
7 6 5 4 3 2 1 0 


Figure 3.2.2 Flag Register Configuration 


(* = Undefined) 


120489 
The following 4 bits are directly available to the programmer for setting the jump, 
call and return instruction conditions: 


MSB LSB MSB LSB | 
7 07 0 : 


A F 


C 
register 





Accumulator Flag reister 
A’ F! 





Alternate register 





Interrupt vector Memory refresh 
R 


MSB LSB 
15 O | Special register 












General-purpose 
register 
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Figure 3.2.3 Flag Register Configuration 
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e Sign flag (S) 


When the result of an operation is negative, the 5S flag is set to “1”. Actually, 
the content of bit 7 of accumulator is stored in this flag. 


® Zero flag (Z) 


When all bits turn out to be “0” s after operation, the Z flag is set to “1” . 
Otherwise, it is set to “0”. With a block search instruction (CPI, CPIR, CPD or 
CPDR), the Z flag is set to “1” if the source data and the accumulator data match. 
With a block I/O instruction (INI, IND, OUTI or OUTD), the Z flag is set to “1” if 
the content of the B register used as the byte counter is “O” at the end of 
comparison. 


e Parity/overflow flag (P/V) 


This flag has two functions. One is the parity flag (P) that indicates the result of 
a logical operation (AND A, Betc. ). The P flag is set to “1” if the parity is even asa 
result of the operation on signed values by two’s complement. It is reset to “O” if 
the parity is odd. With a block search instruction (CPI, CPIR, CPD or CPDR) anda 
block transfer instruction (LDI or LDD), the P flag indicates the state of the byte 
counter (register pair B and C). It is set to “1” if the byte counter is not “O” and 
reset to “O” when the byte counter becomes “0” (at the end of comparison or data 
transfer). The content of the interrupt enable flip-flop (IFF) is saved to the P flag 
when the contents of the R register or I register are transferred to the accumulator. 

The other use of the P/V flag is the overflow flag (V) that indicates whether an 
overflow has occurred or not as a result of an arithmetic operation. The V flag is 
set to “1” when the value in the accumulator gets out of a range of the maximum 
value +127 and the minimum value —128 and therefore cannot be correctly 
represented as a two’s complement notation. 

Whether the P/V flag operates as the P flag or V flag is determined by the type 
of the instruction executed. 


e Carry flag (C) 


The C flag is set to “1” if a carry occurs from bit 7 of the accumulator or a borrow 
occurs as a result of an operation. 

The following two flags are not available to the programmer for the test and set 
(“1”)/reset (“O”) purposes. They are internally used by the MPU for BCD 
arithmetic operations. 
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(c) 


(2) 


(3) 


Half carry flag (H) 


The H flag is used for holding the carry or borrow from the low-order 4 bits of a 
BCD operation result. When a DAA instruction (decimal adjust) is executed, the 
MPU automatically uses the H flag to adjust the result of a decimal addition or 
subtraction. 


Add/subtract flag (N) 


In BCD operation, algorithm is different between addition and subtraction. The 
N flag indicates whether the executed operation is addition or subtraction. 

For change of the flag state depending on the instruction, see 3.2.4 
“TMPZ84C013A Instruction Set” . 


General-purpose registers (B, C, D, E, H, L) 


General-purpose registers consist of 8 bits each. They are used as 16-bit register 
pairs (BC, DE, HL) as well as independent 8-bit registers to supplement the 
accumulator. The B register and the register pair BC are used as counters when a 
block I/O, block transfer, or search instruction is executed. The register pair HL 
has various memory addressing features as compared with the register pairs BC 
and DE. 


Alternate registers (A’, F’, B’, C’, D’, E’, H’, L’) 


The configuration of the alternate registers is exactly the same as that of the 
main registers. There is no instruction that handles the alternate registers 
directly. The data in the alternate registers are processed by moving them into the 
main registers by means of exchange instructions as shown below: 


EX AF, AF’ (AeA’, FoF’) 
EXX (BeoB’, CoC’, DeD’, Fok’, HoH’, LoL’) 

When a hign-speed interrupt response has been requested within the system, 
these instruction can be used to quickly move the contents of the accumulator, flag 
registers, and general-purpose registers into the corresponding registers. This 
eliminates the need for transferring the register contents to/from the external 


stack during execution of the interrupt handling routine, thereby shortening the 
interrupt servicing time greatly. 


Special purpose registers (I, R, IX, lY, SP, PC) 
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(a) 


(b) 


(c) 


Interrupt page address register (I) 


The TMPZ84C013A provides two kinds of interrupts :maskable interrupt (INT) 
and non-maskable interrupt (NMI). The maskable interrupt provides three modes 
(0, 1, and 2) in which the interrupt is handled. These modes can be selected by 
instructions IMO, IM1, and IM2 respectively. In Mode 2, any memory location can 
be called indirectly depending on the interrupt. For this purpose, the I register 
stores the high-order 8 bits of the indirect address. The low-order 8 bits are 
supplied from the interrupting peripheral LSI. This scheme permits calling the 
interrupt handling routine from any memory location in an extremely short access 
time. For the details of interrupts, see [4] “Interrupt Capability”. 


Memory refresh register (R) 


The R register is used as the memory refresh counter when the dynamic RAM is 
used for memory. This permits using of the dynamic memory in the same manner 
as the static memory. This 8-bit register is automatically incremented for each 
instruction fetch. While the MPU decodes and executes the fetched instruction, 
the contents of the R register are synchronized with the refresh signal to place the 
low-order 7 bits and A7RF on the address bus. This operation is all performed by 
the MPU and, therefore, dose not need a special processing by program. The MPU 
operation is not delayed by this operation. During refresh, the contents of the I 
register are placed on the high-order 8 bits of the address bus. 


Index registers (IX, lY) 


The two independent index registers IX and IY hold the 16-bit base address 
when used in the index addressing mode. In this addressing mode, the memory 
address obtained by adding the contents of an index register to the displacement 
value (for example, LD IX+40H) is specified. This mode is convenient for using 
data tables. Also these registers can be used separately for memory addressing 
and data retaining registers. 
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(d) Stack pointer (SP) 


The stack pointer is a 16-bit register to provide the start address information in 
the stack area in the external RAM. The content of the stack pointer is 
decremented at the execution of a call instruction or PUSH instruction or interrupt 
handling and is incremented at the execution of a return instruction or POP 
instruction. At the execution of a call instruction or interrupt handling, the 
current content of the program counter is saved into the stack. At the execution of 
a return instruction, the content is restored from the stack to the program counter. 
These operations are all performed by the MPU automatically. However, the other 
registers are not saved or restored automatically. For the storing of the contents of 
these registers, an exchange instruction (EX or EXX) for alternate register, a 
PUSH or a POP instructions must be used. When a PUSH instruction is executed, 
the contents of the specified register are saved into the stack. When a POP 
instruction is executed, the contents of the stack are moved to the specified 
register. 

These data are restored on a last-in, first-out basis. Use of the stack permits 
processing of multiple-level interrupts, deep subroutine nestings, and various data 





manipulation very easily. The stack pointer is not initialized in the hardware 
approach. Therefore, it is required to allocate the stack area in RAM to specify 
initialization (at the highest address of the stack area) in the initial program. 


(ex) 
MEMORY The contents of the SP 
MEMORY ADDRESS : : 
(HEX) ADDRESS INSTRUCTION before the instruction 
(HEX) is accepted. 
a (o) 
LOWER S = 1230 CALL 1500H FFF1 
2 @ : 
Y = . . 
a 5 ; 
oC wo 1500 PUSH AF FFEF ; A=05, F=23 
<a a 1501 PUSH . BC FFED ; B=B2, C=CO 
wo » : 
| ' 
1600 POP BC FFEB 
HIGHER | 1601 POP AF FFED 


1602 RET FFEF 
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(e) 


The foregoing example shows the stack pointer and stack operations in which 
the instructions starting with the CALL at address 1230H and ending with the 
RET at address 1602H have been executed. However, it is assumed that there is no 
instruction or interrupt other than shown above that uses the stack during the 
execution. When the value of the stack pointer before executing the CALL 
instruction at address 1230H indicates address FFF1H, address 1233H is stored at 
addresses FFFOH and FFEFH because the CALL instruction consists of 3 bytes, 
then the stack pointer is decremented. Similarly, the data are saved or restored 
sequentially according to the instructions. These stack and stack pointer 
operations are all performed automatically. 


Program counter (PC) 


The program counter holds, in 16 bits, the memory address of the instruction to 
be executed next. The MPU fetches the instruction from the memory location 
indicated by the program counter. When the content of the program counter is put 
on the address bus, the program counter is incremented automatically. However, it 
is not incremented with a jump instruction, a call instruction, or interrupt 
processing. Instead, the specified new address is set on it. With a return 
instruction, the content restored from the stack is set on the program counter. 

These operations are all performed automatically and therefore, no care is 
required for programming. 


Halt Capability 


When a HALT instruction has been executed, the MPU is put in the halt state. The 


halt capability can be used to halt the MPU against the external interrupts, thereby 
reducing the power dissipation. In the halt state the states of MPU’s internal registers 
are retained. The halt state is cleared by reset or when an interrupt is accepted. For the 
details of halt operation, see [3] “Basic Timing”. 


(1) 


Halt operation 


When a HALT instruction has been executed, the MPU sets the HALT signal to 
“0” to indicate that the MPU is going to be put in the halt state. Actually, the 
MPU in the halt state automatically continues executing NOP instructions if there 
is the system clock input. However, the program counter is not incremented. This 
keeps the refresh signal generated when the dynamic memory is used. During 
halt, the MPU’s internal states are retained. The TMPZ84C013A contains the 
clock generator/controller, easily implementing the clock input control for these 
halt operations. 
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(2) Releasing the halt state 


The halt state is cleared by accepting an interrupt (the INT or NMI signal 
input) or by reset (the RESET signal input). When an interrupt is accepted, the 
halt state is cleared and the interrupt handling routine is executed. However, a 
maskable interrupt (INT) cannot be accepted unless the interrupt enable flip-flop 
(IF EF) is set. 

Note that when the halt state is cleared by the RESET signal, the MPU is reset 
and the program counter is set to “0”. 


[3] RESET Signal 


Holding the RESET pin at the low level (“0”) under the following conditions, the 
MPU’s internal states are reset: 


(1) The supply voltage level is within the operational voltage range. 
(2) System clock stabilization. 


(3) Holding the RESET signal at the low level (“0”) for at least 3 full clock cycles. 
When the RESET signal goes high (“1”), the MPU starts executing instructions 
from address OOO00H after at least 2T state dummy cycles. 





When reset, the MPU performs the following processing: 


(a) Program counter 





OOOOH is set. 
(b) Interrupt 


The interrupt enable flip-flop (IFF) is reset to “0” to disable the maskable 
interrupt. For the maskable interrupt processing, mode 0 is specified. 


(c) Control output 


All control outputs are made inactive (“1”). Therefore, the halt state is also 
cleared. 


(d) Interrupt page address register (I register) 
The content of the R register becomes 00H. 
(e) Refresh register (R register) 
The content of the R register becomes 00H. 


The contents of the registers other than above and the external memory do not 
change. 
Therefore, they must be initialized as required. 
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Interrupt Capability 


The interrupt capability is used to suspend the execution of the current program and 
execute the processing of the requested peripheral LSI. Normally, this interrupt 
processing routine contains the data exchange and transfer of status and control 
information between the MPU and the peripheral LSI. When this routine has been 


- completed, the MPU returns to the state before the interrupt has been accepted. 


The TMPZ84C013A provides the non-maskable interrupt (NMI) and maskable 
interrupt (INT) capabilities which are detected by the NMI and INT interrupt request 
signals, respectively. A non-maskable interrupt, when caused by a peripheral LSI, is 
accepted unconditionally. This interrupt is used to support critical functions such as the 
protection of the system from unpredictable happening including power failure. A 
maskable interrupt can be enabled or disabled by program. For example, if the timer is 
used and, therefore, an interrupt is not desired, the system can be programmed to 
disable the interrupt. Table 3.2.1 lists the processing by interrupt source. 


(1) Interrupt enable/disable 


A non-maskable interrupt cannot be disabled by program, while a maskable 
interrupt can be enabled or disabled by program. The MPU has the interrupt 
enable flip-flop (IFF). A maskable interrupt can be enabled or disabled by setting 
this flip-flop to “1” (set) or “O” (reset) through an EI instruction (enable) or a DI 
instruction (disable) in program. Actually, the IFF consists of two flip-flops IFF1 
and IFF2. IFF1 is used to select between the enable and disable of a maskable 
interrupt. IFF2 holds the state of IFF1 before a maskable interrupt has been 
accepted. Both IFF1 and IFF2 are reset to “0” when any of the narevanS conditions 
occurs, disabling an interrupt: 


® MPU reset 
e Execution of DI instruction 
e Acceptance of maskable interrupt 


Both IFF1 and IFF2 are set to “1” when the the following condition occurs, 
enabling an interrupt: 


e Execution of EI instruction 


Actually, the waiting maskable interrupt request is accepted after the 
execution of the instruction that follows the EI instruction. 
This delay by one instruction is caused by accepting an interrupt after completion 
of the execution of a return instruction if the instruction following the EI 
instruction is a return instruction. 

In the above operation, the contents of IFF1 and IFF2 are the same. 
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Table 3.2.1 echoed by Interrupt Source 


Interrupt 
Interru } Interrupt Source Source Prony Programmed condition Vector address return 
instruction 
Non-maskable interrupt None Address 66H RETN 
(the falling edge of NMI) 








Instruction from 
Maskable interrupt (INT 2 [FF =1 Mode0O_ |peripheral LSI. 
becomes “0” at Normally, CALL or RST 
instruction's last clock) instruction. 
The address indicated by 
the data table (memory) 
Mode2_ |atthe address specified 
by | register (high-order 
8 bits) and data from 
peripheral LSI (low- 
order 8 bits, LSB = “0”). 


Note: Mode 0 applies when the instruction from peripheral LSI is CALL or RST instruction. 
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Parity flag 





(RETN) (LD A, lor LDA, R) 
(Determination of fa | 
actual INT enable (for holding IFF1) 
/disable) 


Executed instruction 
0 0 : MPU reset 

Dl instruction 

INT acceptance 


1 1 :  Elinstruction 
RETN instruction 
when IFF2 = 1. 
0 state of IFF1 : NMI acceptance 
before NMI 
acceptance 
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Figure 3.2.4 Interrupt Enable Flip-Flop (IFF) 
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When a non-maskable interrupt has been accepted, IFF1 is reset to “0” 
(interrupt disable) until an EI or RETN instruction is executed, so as to prevent 
from accepting the next interrupt. For this purpose, the state (interrupt 
enable/disable) of IFF1 immediately before non-maskable interrupt acceptance 
must be stored. This state is copied into IFF2 upon acceptance of a non-maskable 
interrupt. The content of IFF2 is copied into the parity flag at the execution of the 
following instructions, so that the copied data can be tested or stored: 


@ The load instruction (LD A, I) to load the contents of the I register into the 
accumulator. 

e The load instruction (LD A, R) to load the contents of the R register into the 
accumulator. 


When the return instruction (RETN) from the non-maskable interrupt is 
executed, the contents of the current IF F2 are copied back to IFF1. If an operation 
which changes the contents of IFF2 (due to the execution of EI or DI instruction, 
for example) has not been performed during interrupt handling, IFF1 
automatically returns to the state immediately before the interrupt acceptance. 
Table 3.2.1 lists the states of IFF1 and IFF2 after execution of interrupt-related 
instructions. 


Table 3:2.2 State of IFF1 and IFF2 

















Operation sequence 


MPU reset 
E! 

NMI acceptance 
LDA, | 

RETN 

LDA,R 

INT acceptance 
RETI 

EI 

NMI acceptance 
DI 
RETN 
Note: * =no change. 120489 







io) 
© 














Parity flag<IFF2 
[FF 1<-IFF2 
Parity flag<—lFF2 


+oOoo- * OO * =| * OO — 
t+ O3- = + OO + S| FF A oS 
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(2) Interrupt processing 


With a non-maskable interrupt, the internal NMI flip-flop is set to “1” on the 
falling edge of the interrupt signal, NMI. The state of this flip-flop is sampled on 
the rising edge of the last clock of each instruction to accept an interrupt. A 





maskable interrupt is accepted if the interrupt signal INT is low (“0”) on the rising 
edge of the last clock of each instruction and the interrupt enable state IFF=1 and 
BUREQ signal=inactive (“1”)) is on. The following is the processing to be 
performed after a non-maskable interrupt and a maskable interrupt are accepted: 


(a) Non-maskable interrupt (NMI) 


When a non-maskable interrupt has been accepted, the MPU performs the 
following processing: 


1 The internal NMI flip-flop is reset to “O”. 
2 IFF'1 is reset to “O”, disabling the maskable interrupt. 


The contents of the IFF1 immediately before the interrupt acceptance are copied 
into the IFF2. 





3 The content of the current program counter is saved into the stack. 


4 The instructions starting from non-maskable interrupt vector address 66H are 
executed. 


The non-maskable interrupt processing program terminates after executing the 
RETN instruction. This return instruction performs the followings: 


1 The contents of the current IFF2 are copied into IFF1. 


2 The contents of the program counter are restored from the stack. 


Acceptance of non-maskable interrupt (NMI) 


Execution of ordinary program 


Service routine 
Address 0066H Execution of RETN instruction 
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Figure 3.2.5 Non-Maskable Interrupt Processing 
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(b) Maskable interrupt (INT) 


When a maskable interrupt has been accepted, the MPU performs the following 
processings: 


1 Both IFF1 and IFF2 are reset to “0”, disabling the maskable interrupts. 
Z The content of the current program counter is saved into the stack. 


3 A maskable interrupt is serviced in one of the three modes 0, 1 and 2. A mode is 
selected by executing the instruction IMO, IMlor IM2 before the interrupt is 
serviced. The instructions are executed starting from the vector address 
corresponding to the selected mode. 


@ Mode 0 


In mode 0, the interrupting peripheral LSI puts a restart instruction (RST) or a 
call instruction (CALL) on the data bus and the MPU executes the interrupt 
service routine according to that instruction. At reset, this mode is automatically 
set. 


Acceptance of interrupt in mode 0 


Execution of ordinary program 


RST from peripheral LSi Address specified by CALL or Execution of RET] instruction. 
120489 






Figure 3.2.6 Interrupt Processing in Mode 0 
e Mode 1 


When an interrupt is accepted in mode 1, restart is performed from address 
0038H. Therefore, the service routine for this interrupt is programmed from the 
address 0038H . 


Interrupt in mode 1 


Execution of ordinary program 


Service routine 
Address 0038H Execution of RETI instruction 
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Figure 3.2.7 Interrupt Processing in Mode 1 
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@ Mode 2 


The interrupt processing in mode 2 requires a 16-bit pointer consisting of the 
high-order 8 bits of the I register and the low-order 8 bits (with the LSB=”0”) of 
the data fetched from the interrupting CTC or TLCS-Z80 family peripheral LSI. 
Therefore, the necessary value must be loaded in the I register beforehand. This 
pointer is used to specify the memory address in the table. The contents of the 
specified address and the next address provide the start address of the service 
routine. Therefore, use of this mode requires the table of the service routine’s start 
address (16 bits) to be set at appropriate location under software control . This 
location can be anywhere in memory. The LSB of the table pointer is set to “0” 





because a 2-byte data is needed to specify the service routine start address in 16 
bits and start that address from an even-number address. In the table, the start 
address begins with the low-order byte followed by the high-order byte as shown in 
Fig. 3.2.8. 


Interrupt in mode 2 


Execution of ordinary program 
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Execution of 
RETI instruction 
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Figure 3.2.8 Interrupt Processing in Mode 2 


Mode 2 is used in the daisy chain interrupt processing using the CTC and TLCS- 
Z80 family LSI. The CTC and TLCS-Z80 family peripheral LSIs all contain the 
interrupt priority controller in daisy chain structure. In this interrupt structure, 
the interrupt request signals are connected one after another and given priorities 
for processing when two or more maskable interrupt requests occur at a time. 
Only the interrupt vector from the peripheral LSI having the highest priority is 
put on the data bus. By receiving the interrupt vector in mode 2, the processing for 
that peripheral LSI can be performed. When an interrupt requested by a 
peripheral LSI having a priority higher than that of the current peripheral LSI 
during the execution of the interrupt processing routine, the higher priority 
interrupt can be enabled by the EI] instruction to form an interrupt nesting. 
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The maskable interrupt processing program terminates by executing an RETI 
instruction. This return instruction performs the following processings: 


e Restores the content of the program counter from the stack. 


e Notifies the requesting peripheral LSI of the termination of interrupt 
processing. 


3.2.3 MPU Status Transition Diagram and Basic Timing 


The following describes the MPU status transition and the basic timing of each MPU 
operation. 


[1] Instruction Cycle 


Each TMPZ84C013A instruction is executed by combining the basic operations of 
memory read/write, input/output, bus request/acknowledge, and interrupt. These basic 
operations are performed synchronizing with the system clock (the CLK signal). 

One clock period is called a state (T). The smallest unit of each basic operation is 
called a machine cycle (M). Each instruction consists of 1 to 6 machine cycles and each 
machine cycle consists of 3 to 6 clock states basically. However, the number of clock 
states in a machine cycle can be increased by the WAIT signal described later on. Figure 
3.2.9 shows an example of the basic timing of a 3-machine-cycle instruction. 

The first machine cycle (M1) of each instruction is the cycle in which the Opcode of 
the instruction to be executed next is read (this is called the Opcode fetch cycle). The 
Opcode fetch cycle basically consists of 4 to 6 clock states. In the machine cycle that 
follows the Opcode fetch cycle, data is transferred between the MPU and the memory or 
peripheral LSIs. This operation basically consists of 3 to 5 clock states. 


T cycle 


CLK 
T1 T2 T3 Ta Ty T2 T3 T1 T2 T3 


Maachine cycle 
My M M 
(Opcode fetch) (Memory read) (Memory write) 


Cycle instruction 
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Figure 3.2.9 Example of MPU Basic Timing (3-Machine-Cycle Instruction) 
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[2] Status Transition Diagram 
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Figure 3.2.10 Status Transition Diagram 
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[3] Basic Timing 
(1) Opcode fetch cycle (M1) 


In the Opcode fetch cycle, MPU fetches an Opcode in the machine-language 
codes in memory. This is also called the M1 cycle because it is the first machine 
cycle to execute each instruction. 

Figure 3.2.12 shows the basic timing of a basic Opcode fetch cycle. 

In clock state T1, the content of the program counter is put on the address bus. 
The M1 signal goes “0”, indicating to the MPU that this is the Opcode fetch cycle. 
At the same time, MREQ and RD signals go “0”. When the MREQ signal goes “0”, 
the address signal has already been stabilized. Therefore, this signal can be used 
for the memory chip enable signal. The RD signal indicates that the MPU is ready 
to accept the data from memory. By these signals, the MPU accesses memory to 
fetch the Opcode in the instruction register. The MPU samples the WAIT signal 
on the falling edge of clock state T2. If the WAIT signal is “0” on the falling edge of 
clock state T2 and the following wait state (TW), the next state becomes clock state 
TW. Figure 3.2.13 shows the delay state of the Opcode fetch cycle caused by the 
WAIT signal. 

The data (Opcode) on the data bus is fetched on the rising edge of clock state T3 
then, the MREQ, RD, and MI signals go “1”. In clock state T3, a memory refresh 
address is put on the 8 bits consisting of the low-order 7 bits of the address bus and 
the A7RF corresponding to bit 8 and the RFSH signal goes “0” and the MREQ 
signal goes “0” again. This signal indicates that the memory refresh cycle is on. 
At this time, the contents of the I register are put on the high-order 8 bits of the 
address bus and the 7 bits of the R register contents and the A7RF signal 
corresponding to bit 8 are put on the low-order & bits of the address bus. By using 
the RFSH and MREQ signals, memory refresh is performed in clock state T3 and 
T4. However, the RD signal remains “1” because the contents of the memory 





refresh address are not put on the data bus. 

The address bus of 8 bits consisting of the low-order 7 bits of address (A6 
through AQ) and the A7RF are used as the 8-bits refresh address. That is, when 
A7RF is used for the refresh address, signals “OOH” through “FFH” are output. In 
cycles other than the refresh cycle, the signal equivalent to A7RF are output. 
However, at reset, the signals to be output are uncertain. Figure 3.2.11 shows the 
refresh timing. 
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Figure 3.2.11 Refresh Timing 


In clock state T4, the MREQ signal returns to “1”. The refresh address is kept 
output until the rising edge of the clock state T1 in the next machine cycle, keeping 
the RFSH signal set to “0”. The cycle delay state caused by setting the WAIT signal 
to “O” is the same in the memory read/write, input/output, and maskable interrupt 
acknowledge cycles. The diagram of the cycle delay state caused by the WAIT signal 





set to “0” is omitted in the following description. 
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Figure 3.2.12 Opcode Fetch Timing 
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Figure 3.2.13 Opcode Fetch Timing Including Wait State 
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(2) Memory read/write operations 


Figure 3.2.14 shows the basic timing of memory read/write operations (except 
for the Opcode fetch cycle) in the same diagram for convenience. 

In each operation, the memory address signal to read/write data on the address 
bus is output in clock state Tl. The operation in which the WAIT signal is sampled 
in clock state T2 and the following TW state is the same as the Opcode fetch cycle. 

In memory read, memory data is put on the data bus by the address, MREQ, and 
RD signals. The MPU reads this data. 

In memory write, the memory address signal is put on the address bus then the 
MREQ signal is set to “O” to put the write data onto the data bus. When the data 
bus has been stabilized, the WR signal is output in clock state T2. The WR signal 
can be used as the memory write signal. 


<— For memory read cycle —_—|<—__—_ For memory write cycle —- 
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Figure 3.2.14 Memory Read/Write Cycle Timing 
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(3) 


Input/output operations 


Figure 3.2.15 shows the basic timing of input/output operations. The feature of 
the I/O operation timing is that, regardless of the state of the WAIT signal in clock 
state T2, the I/O cycle automatically goes in the wait state (TW*) after clock T2. 
The WAIT signal is sampled on the falling edge of TW*. If the WAIT signal is “0” 
on the falling edges of TW* and the following clock state, the I/O operation enters 
into clock state TW*. Clock state TW* is inserted because the IORQ signal goes 
“0” in clock state T2, so that it is too late to sample the WAIT signal after decoding 
the I/O port address. In each of input and output operations, the I/O port address is 
put on the low-order 8 bits of the address bus in clock state T1. On the high-order 8 
bits, the contents of the accumulator or B register are output. In clock state T2, the 
IORQ signal goes “0” instead of the MREQ signal. The IORQ signal can be used as 
the chip enable signal for a peripheral LSI. 

In an input operation, the contents of the input port are read onto the data bus 
by the address, [ORQ, or RD signals. The MPU reads this data. 

In an output operation, the output port address and the output data are 
respectively put on the address bus and data bus in clock state Tl, then the IORQ 
and WR signals go “0” in clock state T2. The WR signal can be used as the output 
port write signal. | 


~ i er ne 
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Figure 3.2.15 I/O Operating Timing 
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(4) Bus request and bus acknowledge operations 


Figure 3.2.16 shows the basic timing of bus request and bus acknowledge 
operations. 

The address bus (AO through A15), data bus (DO through D7), MREQ, IORQ, 
RD, and WR signals controlled by the MPU can be put in the high-impedance state 
(floating) to electrically disconnect them from the MPU. This operation, after 
sampling the BUSREQ signal on the rising edge of the last clock of each machine 
cycle, starts on the rising edge of the next clock if this signal is found “0”. 

Subsequently, these buses are controlled by external peripheral LSIs. For 
example, data can be directly transferred between memory and these peripheral 
LSIs. This state is cleared if the BUSREQ signal is found “1” after sampling it on 
the rising edge of each subsequent clock state (TX), and enters into the next 
machine cycle. During the floating state, the BUSACK signal goes “0” to indicate 
it to the peripheral LSIs. 

In this state, however, no memory refresh is performed and, therefore, the 
RFSH signal is set to “1”. Hence, to maintain this state for a long time with a 
system using dynamic memory, memory refresh must be performed by the 
external controller. 

Note that, in the floating state, neither maskable interrupt (INT) nor non- 





maskable interrupt (NMI) can be accepted. 
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Figure 3.2.16 Bus Request and Bus Acknowledge Timing 
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(5) 


Maskable interrupt acknowledge operation 


Figure 3.2.17 shows the basic timing of the maskable interrupt acknowledge. 

The MPU samples the maskable interrupt request signal (INT) on the rising 
edge of the last clock of each instruction execution. If the INT signal is found “0”, a 
maskable interrupt is accepted except in the following cases: 


e The interrupt enable flip-flop is reset to “0”. 
e The BUSREQ signal is “0”. 


When a maskable interrupt has been accepted, a special Opcode fetch cycle is 
generated. In this cycle, 2 clock states of wait state (TW) is automatically 
inserted after the clock state T2. The WAIT signal is sampled on the falling edges 
of the second clock state TW* and the following clock state TW and, if the WAIT 
signal is found “0”, the instruction cycle enters in the next clock state TW. In this 
Opcode fetch cycle, the IORQ signal goes “0” in the first TW* state instead of the 
MREQ signal while, in a normal Opcode fetch cycle, the MREQ signal goes “0” in 
clock state Tl. This indicates to the maskable interrupt requesting LSI that the 8- 
bit interrupt vector can be put on the data bus. The MPU reads this data to 
perform interrupt processing. Therefore, the contents of the program counter put 
on the address bus are not used. Unlike an ordinary I/O operation, the RD signal 
does not go “Q”. 

In clock state T3, the memory refresh address signal is put on the address bus 
for memory refresh like normal Opcode fetch cycle and the RFSH signal goes “0”. 
In the subsequent machine cycles (M2 and M8) , the contents of the current 
program counter are saved into the stack. In machine cycles M4 and M5, the 
contents of the I register (the high-order 8 bits) and the contents of the address 
indicated by the address of the vector (the low-order 8 bits) from the CTC and the 
peripheral LSI are fetched in the program counter. 
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Figure 3.2.17 Maskable Interrupt Acknowledge Timing 
(6) Non-maskable interrupt acknowledge operation 


Figure 3.2.18 shows the basic timing of non-maskable interrupt acknowledge. 

When the non-maskable interrupt request signal (NMI) goes low, the internal 
non-maskable flip-flop is set to “1”. The NMI signal is detected in any timing of 

~ each instruction. However, the internal NMI flip-flop is sampled on the rising 
edge of the last clock of each instruction. Therefore, the NMI signal should go low 
by the last clock state of an instruction. 

The Opcode fetch cycle for non-maskable interrupt request acknowledge is 
generally the same as the ordinary Opcode fetch cycle. However, the Opcode on 
the data bus at the time is ignored. The contents of the current program counter 
are saved into the stack in the subsequent machine cycles (M2 and M3) . In the 
following machine cycle, the operation jumps to address 0066H, the non-maskable 
interrupt vector address. The machine cycles after these depend on the contents of 
the fetched Opcode. 
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Figure 3.2.18 Non-Maaskable Inpterrupt Acknowledge Timing 
(7) Halt operation 


When a HALT instruction is fetched in the Opcode fetch cycle, the MPU sets the 
HALT signal to “0” synchronized with the falling edge of clock state T4 to indicate 
it to the peripheral LSI and stops operating. If the system clock is kept supplied in 
the halt state, the MPU continues executing NOP instructions. This is done to 
output refresh signals when the dynamic memory is used. The NOP instruction 
execution cycle is the same as the ordinary Opcode fetch cycle except the data on 
the data bus are ignored. 

The halt state is cleared when an interrupt is accepted or the RESET signal is 
set to “O” to reset the MPU. Figure 3.2.19 shows the halt state clear operation by 
interrupt acknowledge. An interrupt is sampled on the rising edge of the last clock 
(clock state T4) of the NOP instruction. A maskable interrupt can be accepted 
when the INT signal is “0”. A non-maskable interrupt is accepted when the 
internal NMI flip-flop which is set on the falling edge of the NMI signal is set at 
“1”. However, it is required that the interrupt enable flip-flop is set to “1” for a 
maskable interrupt to be accepted. The interrupt processing for the accepted 
interrupt starts from the next cycle. 
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However, when the supply of the system clock from the CGC has been stopped 
by the power down operation, it is required to restart the supply of the system clock 
and input the INT signal until the execution of one instruction is completed or the 
RESET signal until 3 clocks are output. Figure 3.2.20 shows the timing of clearing 
the halt state caused by power down. 

For the reset operation, see (8) “Reset operation”. Note that the INT and NMI 
signals are shown on the same diagram in Figures 3.2.19 and 3.2.20 for 
convenience. 
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Figure 3.2.19 Timing of Clearing Halt State Caused by Interrupt Acknowledge 
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Figure 3.2.20 Timing of Clearing Halt State Caused by Power Down 
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(8) Reset operation 


Figure 3.2.21 shows the basic timing of reset operation. 

To reset the MPU, the RESET signal must be kept at “0” for at least 3 clocks. 
When the RESET signal goes “1”, instruction execution starts from address 0000H 
after a dummy cycle of at least 2 clock states. 
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Figure 3.2.21 Reset Timing 


To clear the power down state by using the RESET signal, the RESET signal 
must be input until 3 clocks or more are supplied by restarting the supply of the 
system clock from the CGC. 
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(9) Evaluation operation 


Each of the MPU signals (AO through A15, DO through D7, MREQ, IORQ, RD, 
WR, HALT, M1, and RFSH) can be put in the high-impedance state by EV and 
BUSREQ signals to electrically disconnect them from the MPU. 
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Figure 3.2.22 Evaluation Timing 


Figure 3.2.23 shows the block diagram of the TMPZ84C013A operating as an 
evaluator in the evaluation mode. 

The operations controlled by signals from the external MPU in the evaluation 
mode are the same as those of each device constituting the TMPZ84C013A. 
(However, for the watchdog timer operations, see “WDT Operational Description” 
because the watchdog timer is of random logic configuration.) 

For the electrical characteristics and timing of each device, see “Inactive State”. 
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Figure 3.2.23 Block Diagram of the TMPZ84C013A Functioning As Evaluator 
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3.2.4 TMPZ84C013A Instruction Set 


This subsection lists the TMPZ84C013A instruction codes and their functions. The 
table below lists the symbols and abbreviations used to describe the instruction set. The 
symbols which require special attention are described in the locations in which they 
appear. 


® Symbols (1/2) 















Register Register B,C,D,E,H,L,A, 
Register pair BC, DE, HL 
Stack pointer SP 
Register pair BC, DE, HL, AF 
Register pair BC, DE 
Index register IX 
Stack pointer SP 
Register pair BC, DE 









Index register lY 

Stack pointer SP 

Higher register of register pair 
(B, D, H) 






Higher 8 bits of stack pointer (SP) 
Higher register of register pair 

(B, D, H, A) 
Higher 8 bits of index register IX 
Higher 8 bits of index register lY 
Higher 8 bits of program counter (PC) 











Lower register of register pair 
(C, E, L) 
Lower 8 bits of stack pointer (SP) 
Lower register of register pair 
(C, E, L, F) 
Lower 8 bits of index register IX 










Lower 8 bits of index register lY 
Lower 8 bits of program counter (PC) 
Bit b (0-7) of register (B, C, D, E, H, L, A) 
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e Symbols (2/2) 


Memory enon address represented | in 16 bits. 

m indicates higher 8 bits and n, lower 8 bits. 

Bit b (0-7) of the contents of the memory 
address indicated by register pair HL. 

Bit b (0-7) of the contents of the memory 
address indicated by the value obtained by 
adding 8-bit data d to the content of index 
register IX. 

Bit b (0-7) of the contents of the memory 
address indicated by the value obtained by 
adding 8-bit data d to the content of index 
register ly. 









































Flag change symbol Reset to “0” by operation. 

Set to “1” by operation. 

No change 

Affected by operation 

Undefined 

Handled as parity flag. 
P=0: odd parity 
P=1: even parity 








Handled as overflow flag. 
V=0: Nooverflow 
V=1: Overflow 








Operator Transfer 
Exchange 

Add 

Subtract 

Logical and between bits. 
Logical or between bits. 


Exclusive or between bits 


Others |FF Interrupt enable flip-flop 
Carry flag 


Zero flag 
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TMPZ84C013A Instruction Set (1/9) 


ITEM/ Object code 

-FICA- mnemonic Binary Hex 

TION 76 543 210 dl 
r,g 


Function 





01 A0t+r x 8+q 
ree 
999 
sd taiaucate Soren ae 000 
re(IX+d) P= EXP -iX: Paes 001 
46+rx8 a ee ae ae 010 
d i oe O14 
FD re(1Y+d) Pa >Xr-—rX? p= 3 100 
46+rx8 ae a a 104 
d : ; 111 
70+r lee see eee eae Eek 
(IX+d),r (1X+d)er 
(1Y¥+d),r (1Y¥+d)er 
a 
< 
O (HL),n (HL)«n 
pa | 
< (IX+d), n (IX+d)en 
e 
< 
ra 
1Y+d)¢ 
= ( )en 
ise] 
2 A«(BC) 
A«(DE) 
(DE)+A 
(mn)«A 
< 
ead 
< 
a 
— 
ea) 
i} 
is) 
Note : r,gmeans any of the registers A,B,C, D,E,H,L 


IFF in “Flag” column indicates that the content of the interrupt enable flip-flop is copied into the P/V flag. 120489 
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TMPZ84C013A Instruction Set (2/9) 


ITEM/ Object code 
So eect, fees aed Functi 

: i unction 
| -FICA- mnemonic Binary Hex 


TION 76 543 210 De tl 


11 





He(mn+1) 
Le(mn) 


tye(mn+1) 
ti«(mn) 


cee eee ee Ce ee ee eee eee Ce ee eee ee ee Ce a ) 


TXy«(mn+1) 
IXL«(mn) 


TYy*(mn+1) 
TY_«(mn) 


(mn+1)+H 
(mn )eL 

ape pued jesthaeeGse vel pisseessaguieciean snag d sah caneiscsisweee| a ee da edes Seeg emnee sites dine hiuereuentaeteN eee stecie| st uecs puntos 
(mn ety 


eee ee ee ees Pe ee eee eee eee eee eee eee ee eee See eee eee ee eee eee er eee ee ee eee Peer Cece eee eee Tee eee eer Pee ee Ce ee es ee 


(mn+1)¢IXy 
(mn)©IXp 


eee ee ee es ee ee ee ee ee eee eee Cee eee eee eee ee ee eee ee ee eee eee Cee Cee eee eee See Tee eee ee Pee ee ed ee) 


(mn+1)+«1Yy 
(mn «LY, 


SP<HL 


eee eee ee ee Ce ee eee ee ee eee eee Ce ee ee eee ee ee ee eee ee eee ee eee eee Pee) 


SP+IX 


ee eee eee eee Ce ee ee ee ee eee eee cee Ce eee ee eee eee eee ee ee eee ee eee Peer) 


SP+Ly 


EEN ee eee eer C ceesau ehe2yed (SP dene eee’ 
sds cass vonshatviasto.s erwuncateiaasiea! | Mate ageemaciel: Be tae aduectach ase cus iasss Iectesy Ree ctaee Waa eee eataee ett ie ocendbaasae 


DD (SP-2)©IX, , (SP—1)€1Xq 
E5 SP<SP-2 


saaieeelsosstutaba Sel oe eee eal a a eC ee aE ee ee a 
eee eee eee ee Ce ee ES SPeSP-2 
Shedncmyansleaee oe cee ee a 

Pere m eee e ese erere serene nbenneereone SPeSP+2 ; . 
vagetigseenstenetefi sca anctacauscea bas aceernneeneed re ee 

E1 SPeSP+2 
Boag eee eda beget Here aoe 

Et SPeSP+2 

DE@HL 


eee ee eee ee eee ee ee eee Ce eee eee eee eee ee eee ee ee ee eee eee eee Pere Te eee ee eee eee Cees Pee) 


AF <AF’ 


eee ee ee ee Ce eee ee ee ee eee eee Cee ee eee eee ee ee eee eee ee eee CeCe ee eee eee ee vere Ce eee ee ee eee CP ees Cee) ey 


BC BC’ ,DE#DE’ ,HL@HL’ 
Note : tis any of the register pairs BC, DE, HL, SP. 
q is any of the register pairs AF, BC, DE, HL. 


(PAIR), (PAIR), refer to high order and low order eight bits of the register pair respectively. (Ex) BC, =C, AF =A. 
#1: EXCHANGE | 120489 


MPUZ80-448 


TOSHIBA 


TMPZ84C013A Instruction Set (3/9) 


ITEM/ 
CLASSI 


Object code 
Assembler 


-FICA- mnemonic 


TION 


E3 


11 10 
011 
100 
111 


Function 


Ho(SP+1),L<@(SP) 
IXy<(SP+1) 

IX_ (SP) 
TYy@(SP+1) 

IYL (SP) 
(DE)«(HL) ,DE*+DE+1 
HL+HL+1,BC+BC-1 


TMPZ84C013A 


. . . . . . . 
eee eee eee eee Cee eee eee eee eee eee ee eee eee Ce eee ee eee eee ee Cr eee ee ee ee eee ee ee ee ) 
. . . . . . ° 


TRANSFER 
SEARCH 


BLOCK 
BLOCK 


(DE)+«(HL),DE*DE+1 
HL+HL+1,BC+BC-1 Repeat until 
BC=0 

(DE)«(HL) ,DE+DE-1 
HL«HL—1,BC«BC—1 

(DE)+(HL) ,DE*DE-1 
HL«+HL-1,BC+BC-1 Repeat until 
BC=0 

A-(HL) 

HL+HL+1,BC«BC-1 

A-(HL) ,HL*HL+1,BC+BC—1 
Repeat until A=(HL) or BC=0 


“[BC< >0] 
«[BC=0] 


weve eeccens eee Ce eee eee eres Ce ee ee ee oe Ck hh ee ee 


+[BC< >0] 
«[BC=0] 


«[BC< >0 & 
A< > (HL)] 


ee as ee 
eee ee eee eee ee ee) eee eee eee eee eee ee eee eee ees Cee eee eee eee ee eee ee eee eee ee es Cg ar ae ga ae ev enes ® [BC=0 or 


A,r 
A,n 


A, (HL) 
A, (IX+d) 


LOGICAL 


ARITHMETIC AND 


1 T 


(HL) 


8- 8B 


A, (1Y+d) 


(IX+d) 


(1Y+d) 


A-(HL) 


A-(HL) ,HL+HL-1, BC+BC-1 
Repeat until A=(HL)or BC=0 
AcAtr 
AcA+n 


ACA+(HL) 
AtA+(IX+d) 


AtA+(1Y+d) 


AcA+r+CY 
AcAt+n+CY 


AcA-(IX+d) 


AtA~(1Y+d) 





Note : *M P/V flagisO ifthe result of BC- 1=0, otherwise P/V = 1. 
*N Z flag is 1 if A=(HL), otherwise Z =0. 


[ 


Jindicates the total condition of the number of cycles and states indicated by arrow. 


rmeans any of the registers A, B, C, D, E, H,L. 


MPUZ80-449 


A= (HL)] 


+[BC< >0 & 
A< > (HL)] 

x [BC=0 or 
A= (HL)] 





120489 

















TOSHIBA | TMPZ84C013A 





TMPZ84C013A Instruction Set (4/9) 


ITEM/ Object code 

Oe), pees ciate ls teal Funet 
unction 

+FICA- mnemonic Binary Hex 


TION 76 543 210 aa 


SBC A,r 10 AcA-r-CY 
SBC A,n 11 At A-n-CY 
nn 
SBC A, (HL) 10 
SBC A,(IX+d) | 11 | AeA-(1X+d)-CY 
10 
dd . 
A,(1Y+d) | 11 AcA-(LY+d)-CY 
10 
dd 
10 AcAAr 
11 AtAAn 
nn 
(HL) 10 ACAA(HL) 
(1X+d) 11 
10 
dd 
(1Y+d) 11 
10 


B 
c 
D 
E 
H 
L 
A A 





AcAyr 
AcAyn 


(HL) AeAy (HL) 


ee es ce eee ee ee ee eee eee ee eee ee ee eee eee ee eee ee eee ee eee eee ee 6) pe eneetecoen 


(1X+d) ArAy (1X+d) 


(1Y+d) AcAy(1Y+d) 


AcAyr 
AtcAyn 


(HL) | Ae Axy(HL) 


. . . . . . . 
eee eee eee eee ee eee eee ee eee eee Coe eee eee ee eee ee ee Sees enwoteecor Fees nseb ener oeh sense 
. . 4 . . . . 


(IX+d) AcAy(1X+d) 


ee es ee ee ee eee ee ee ee eee ee eee ee eee ee ee ee ee ee ee ee eee fry Berene Neeee 


(1Y+d) AcAy(1Y+d) 


(HL) A-(HL) 
(IX+d) ; A-(IX+d) 


(1Y+d) A-(IY+d) 


(HL)«©(HL)+1 


. . . . . . . 
Oe ee ee ee ee Py eee eee eee eee eee eh eee eee ee Peer) eee 
. . . . . . . 


(IX+d)#(1X+d) +1 





Note : r means any of the registers A, B,C, D, E, H,L. 120489 





MPUZ80-450 


TOSHIBA TMPZ84C013A 





TMPZ84C013A Instruction Set (5/9) 


ITEM/ Object code 
-FICA- mnemonic Binary Hex UNErOn 
11 


INC (1Y¥+d) FD (1Y+d)«(1Y+d)+1 

00 34 
dd d 

r 00 O5+rx8 rer-l 

(HL) 00 

(1X+d) 11 (I1X+d)*«(IX+d)-1 
00 
dd 

(1Y+d) 11 (1Y+d)«(1Y+d)-1 
00 
dd 


ARITHMETIC 





rrexrmemoumN BIf4 


8 -BIT 


Decimal adjust accumulator 
AcA 
A+0-A 


cCY+CY 
CY+1 
ee oie as Sot A Sas OE ND ls ced ND) OP GTS LON ©. tl cM hee adhe ee ee oman 
Eelena taal a eee es as 
IFFeO 
IFFeL 


Set interrupt mode 0 


Set interrupt mode 1 





Set interrupt mode 2 


ut 
ia) 
oO 
a 
a 
~ 
a 
t 
4 
< 
wi 
= 
uw 
Oo 


09+tx 10 HL¢HL +t 

ED HL©HL+t+CY 
4A+t x 10 

ED HL©HL-t-CY 
42+t x 10 

DD IX¢IX+p 
09+p x 10 


03+t x10 tett+1 
DD IX+IX+1 
23 

FD TY¢TY+1 
23 

OB+t x 10 tet-1 
DD IX¢IX-1 
2B 

FD T¥¢lY-1 





Note : ss is any of the register pairs BC, DE, HL, SP. PP is any of the register pairs BC, DE, 1X, SP 
rris any of the register pairs BC, DE, lY, SP. 120489 


MPUZ80-451 


TOSHIBA | TMPZ84C013A 


TMPZ84C013A Instruction Set (6/9) 


Object code 
Assembler 
mnemonic Function 
76 543 210 


00 010 111 


RLC r 
RLC (HL) 


RLC (1X+d) wile 
[cy ] 7 «0 | €« 0 


r,(HL),(IX+d), (1Y+d) 


r 
B 
C 
D 
E 
H 
L 
A 





RLC (IY+d) 


RL 
RL (HL) 
/RL (IX+d) 


r,(HL),(IX+d),(1Y+d) 


(1Y+d) 


RRC r 


RRC (HL) 


ie ia) 
r, (HL), (IX+d),(IY+d) 
RRC (IY+d) 


RR or 


RR (HL) 


RR (IX+d) r, (HL), (IX+d) 





Note :  rmeansany ofthe registers A, B,C, D,E,H,L. 120489 





MPUZ80-452 


TOSHIBA TMPZ84C013A 


TMPZ84C013A Instruction Set (7/9) 


ITEM/ Object code 
-FICA- mnemonic Binary Hex 
FD 


6 
RR (IY+d) i 


Function 


SLA fr 
SLA (HL) 
SLA (IX+d) 


x {Fao Jc 
F,(HL),(IX+d), (1Y+d) 





r 
B 
C 
D 
E 
H 
L 
A 


SRA 
SRA (HL) 


“SRA (1X+d) 


r,(HL),(IX+d), (1Y+d) 





SRA (1Y+d) 


(HL) 


(IX+d) 


>The] 
r,(HL),(IX+d), (IY+d) 
(1Y+d) 


*4 
*j 
40+b x 8+r 


CB 
AB+bx8 


RESET AND TEST 


BIT SET 





b 
0 
1 
2 
3 
4 
5 
6 
7 





Note : *1: Rotate digit left and right between the accmulator and location (HL). 
The content of the upper half of the accumulator is unaffected. 
The notation (HL), indicates bit , (0 to 7) within the contents of the HL register pair. 
The notation r, indicates bit ,, (0 to 7) within the r register. 120489 


MPUZ80-453 


TOSHIBA 


TMPZ84C013A Instruction Set (8/9) 


ITEM/ 
CLASSI 


-FICA- mnemonic 


TION 


BIT 


ee eee ee ee ee ee ee eee ee ee ee ee ee eee Cee ee eee, ee ee eee. ee ee Pee Cs 


eee eee eee es ee eee ee eee ee ee eee ee ee eee Cee eee ee ee eee eee eee eee ee ee ee eee Chee eee eT Cee ee eee et eee ee ee Pes Pe ey 


pve weneee 


Assembler 


Object code 


Z¢(IX+d)p 


Function 


b,(IX+d) 


ee ees eee ee ee ene ere eee eee ee eee ee ee ee ee ee er eee eee eee ee eee 


b,(IY+d) 


Z«(1Y+d)p 


46+bx8 

CB rpel 

CO+bx8+r 
b, (HL) (HL) pel 


b, (IX+d) (IX+d)p¢1 


eee ee ee ee eee ee eee Ce ee eee ee eee ee eee ee Cy 


b,(1Y+d) (I¥+d) pet 


C6+bx8 


ee eee eee ee eee Cee ee eee eee eee Cee eee eee eee eee eee ee eee eee eee eres Ce ee re 


CB hed 
80+bx 8+r 


eee eee ees Ce eee eee eee eee eee ee ee eee eee ee eee ee eee ee eee ee eee eee ee eee eee Ce ee 


CB (HL) peo 
| 86+bx8 


eee ce eee eee eee eee Cee eee ee ee ee ee eee eee eee ces 


(IX+d)p+0 


eee eee ees Cee ee eee ee eee eee eee eee eee eee eee ee ee eee ee eee eee ee ee ere Cree) 


b,(1Y+d) (IY+d) +0 


seme neeees 


PC+mn 
(Only when condition is met) 


TMPZ84C013A 


Preaeomon Din 





b 
0 
1 
2 
3 
4 
5 
6 
7 


e represents the 
extension in the 
relative 
addressing 


ee ee ee ee Ce eee ee eee eee eee cee eee Cee eee ee eee eee eee eee ee eee ee eee Cee eee oP eee ee Te ee eee ee ee eee ee Cees Ce er ere 


re) 0 eee eee ee eee Cee eee ee eee eee ees COC eee eee eee Pee ee eee ee eee eee es CeCe eee ee Tere eee re eee eee ee eee ee eee eee eee) eee eee eee 


PC+$+e 





lf C=0, continue 


>< 


eee eee ee ee ee ee eee eee Ce eee eee ee ee ee eee eee eee Ce ee eee 2 


If C=1, PC+$+e 


>< 


mode,a=e-2. 
eisasigned 
two's 
complement 


i) 


w 


ee ee eee ee ee eee ee ee eee eee ee eee eee eee ee ee er eee ee ee eee Cee ee eee, Creer eee eee eee eee eee eee Pee Cee eer ee eee) 


ee eee eee ee es ee eee eee eee eee eee cee ee eee ee eee eee eee eee ee eee eee ee eee eee eee Cee eee eT Cee ee eee eee ee eT eee eee eee ees Cee ee ree ey 


lf C=O, PCe$te 


>< 


eet eee eee eee eee ee eee eee Ce eee eet ee ee eee ee eee eee eee eee eee ees 2 


If Cc 1, continue 


>< 


lf Z=0, continue 


~< 


Sacacese aves er eee giatviacet Maar Gidley Waco bald 6 vin: 0%, Fee e 0 LS risd wie ou CA Cw RS vie enelb safe Oy ecncolvn slate S.ethibwe ele wivavecwa'e L's 


If Z=1, PCe$+e 


>< 


number inthe 
range of 
-126s8e $129 


w 


rm ihy 


to 


SPOR mm emer ee meet w eww eer bee ass ree ar reese rs essere rere denveceeerese Lasse Ties ain cseela, Sona: bossa: 8 wo aad Wie sds Malte et ee wares eRe Cece. cee eee eee eee ee eee ees Cee) Perens 


Hwee amon a 


Note : 


ee) ee eee ee eee Cee eee eee Cee eee eee ee eee ee eee ee ees Ce ee Se ey 


If Z=0, PC+$+e 
If Z=1, continue 


>< 


B«B~-1, if B=0, cours 


> 
? 
° 

eb ecm te sarenssosasacssan 
. 
. 
. 


~< 











~< 


PGeHL. 


@ a=e-2 inthe Opcode provides an effective address of PC +e as PCis incremented by 2 before the addition of e. 
$ indicates the reference to the location counter value of the current segment. 

The notation (HL)p, (IX + d), indicates bit , (0 to 7) within the contents of the register pair. 

The notation r, indicates bit, (0 to 7) within the r register. 

a = e-2 in the op-code provides effective address of PC +e as PC is incremented by 2 prior to the addition of e. 


MPUZ80-454 


wares 


wo 


won tedaancan 


Condition 
Non-Zero 
Zero 
No-carry 
Carry 
Odd Parity 
Even Parity 
Sign Positive 
Sign Negative 


270489 


TOSHIBA 


TMPZ84C013A Instruction Set (9/9) 


ITEM/ 
CEASE Assembler 
-FICA- mnemonic 


TION 


c,mn 


es ee i ee Ci i i ee ee iii. he or ee se ci cre ry 


Note: 


Object code 


DD 


11 
11 
11 
11 


41+rXx8 
ED 
A3 
ED 
B3 
ED 
AB 
ED 
BB 


@ AQthrough A15 indicate the address bus. 
J indicates the total condition of the number of cycles and states 
indicated by arrow. 


e | 


Function 


PC+(IX) 


PC+(IY) 


(SP-1)*PCy, (SP-2)¢PCL 
PCemn 

SP+SP-2 

If condition cis met, same as 
CALL mn. 

If condition c is not met,continue 
PCy«(SP+1) 


PCL«(SP), 
SP«SP+2 


lf condition c is met, same as RET. 


If condition c is not met,continue 
Return from interrupt Processing 
routine 

Return from non-maskable 
interrupt Processing routine 
(SP-1)©PCy, (SP-2 «PCy 
PCH*O,PCL©j , SP©SP-2 

Ae(n) 

n—-A0~A7 , A>AB~A15 

r¢-(C) If r=110, only the flags- 
will be affected. 
(HL)«(C),BeB-1,HL©HL +14 


(HL)+(C) ,BeB-1,HL©HL+1 
Repeat until B=0 


(HL)«(C) ,BeB-1,HL©HL-1 
Repeat until B=0 

(n)«A 

n—-A0~A7 ,A-A8~A15 
(C)er 


(C)«(HL) ,BeB-1,HL*©HL+4 
(C)«(HL) ,BeB-1,HL©HL+1 
Repeat until B=0 


(C)©(HL) ,BeB-1,HL©HL~1 


(C)«(HL),BeB-1,HL-HL~-1 
Repeat until B=0 


e *M Ifthe result of B-1 is zero, the Z flag is set, otherwise it is reset. 


MPUZ80-455 


*1 C->A0~A7 
B—»A8~A15 


TMPZ84C013A 


PrmerTramonm B45 


<[B<>0] 
+[B=0] 


«[B<>0] 
«[B=0] 


+B[<>0] 
«[B=0] 


«[B<>0] 
+[B=0] 














Condition 
Non-Zero 
Zero 
No-Carry 
Carry 
Odd Parity 
Even Parity 
Sign Positive 
Sign negative 


120489 





TOSHIBA , TMPZ84C013A_ 





TMPZ84C013A Instruction Map (1/7) 
MPU Instruction Table ( I ) 














NOP LD LD INC INC DEC LD RLCA EX ADD LD DEC INC DEC LD RRCA 
BC,mn | (BC),A BC B B B,n AF,AF | HC,BC | A, (BC) BC C C C,n 
DJNZ LD LD INC INC DEC LD RLA JE ADD LD DEC INC DEC LD RRA 
e DE,mn | (DE),A DE D D D,N e HL,DE | A, (DE) DE E E E,n 
2 JR NZ, LD LD INC INC DEC LD DAA JIRZ ADD LD DEC INC DEC LD CPL 
e HL,mn | (mn),HL HL D H H,n e HL,HL |} HL,(mn) HL L L Ln 
3 JR NC, LD LD INC SCF IRC ADD LD DEC INC DEC LD CCF 
e SP,mn | (mn),A SP e HL,SP | A,(mn) SP A A A,n 
LD LD LD LD LD LD LD LD LD LD LD LD LD 
B,B B,C B,D B,E B,A C,B Cc, Cc c,D C,E C,H CL C, (HL) C,A 
5 LD LD LD LD LD LD LD LD LD LD LD LD LD 
D,B D,C D,D D,E D,A E,B E,C E,D E,E E,H E,L E, (HL) E,A 
LD LD LD LD LD LD LD LD LD LD LD LD LD 
H,B H,C H,D H,E H,A L,B L,C L,D L,E L,H L,L L, (HL) L,A 
7 LD LD LD LD LD LD LD LD LD LD LD LD LD 
(HL),B | (HL),C | (HL),D | (HL),E (HL), A A,B A,C A,D A,E A,H A,L A, (HL) A,A 
ADD ADD ADD ADD ADD ADC ADC ADC ADC ADC ADC ADC ADC 
A,B A,C A,D A,E A,H A,L A, (HL) A,A A,B A,C A,D A,E A,H A,L A, (HL) A,A 
SUB SUB SUB SUB SUB SBC SBC SBC SBC SBC SBC SBC SBC 
B Cc D E H A,B A,C A,D A,E A,H A,L A, (HL) A,A 
A AND AND AND AND AND XOR XOR XOR XOR XOR XOR XOR XOR 
B Cc D E H B C D E H L (HL) A 
OR OR | OR cP cP cP CP cP cP cP XOR 
B C H L (HL) A B C D E H L (HL) A 
Cc RET POP JP NZ, JP CALL PUSH ADD RST RET RET JP Z, CALL CALL ADC RST 
NZ BC mn mn NZ,mn BC A,n OOH C mn Z,mn mn A,n 08H 
RET POP JP NC, OUT CALL PUSH SUB RST RET EXX IPC, IN CALL @ SBC RST 
NC DE mn (n),A | NC,mn DE n 10H C mn A, (n) C,mn A,n 18H 
RET POP JP PO, EX CALL PUSH AND RST RET JP JP PE, EX CALL XOR RST 
PO HL mn (SP),HL | PO,mn HL n 20H PE (HL) mn DE,HL | Pl,mn n 28H 
F RET POP JP P, CALL PUSH OR RST RET LD JPM, CALL @ cP RST 
P AF mn P,mn AF n 30H M SP, HL mn M,mn n 38H 






120489 


Note O~@: Multi-Opcode Instructions (ref. Table (II )~(VI)) 


MPUZ80-456 


TOSHIBA TMPZ84C013A 





TMPZ84C013A Instruction Map (2/7) 


@® Byte 1 “CB” 
Instruction Table ( II ) (Byte 2 of 2-byte Opcode) 










RLC RLC RLC RLC RLC RLC RLC RLC RRC RRC RRC RRC RRC RRC RRC RRC 
B C D E H L (HL) A B C A 
RL RL RL RL RL RL RL RL RR RR 
B Cc D E H L (HL) A B C 
SLA SLA SLA SLA SLA SLA SLA SLA SRA SRA 






HL) 
2 
SRA SRA 
(HL) A 
RL SRL 
(HL) A 
Ef ’ 
IT 
IT 
IT 


aE 
es} |e 
| fs 
| fs 
| | 
| |e 
| 

” 

wow 

fa 

— 

oO BD 

Cc 


( 

R RR 

(HL) A 

S 

B BIT 
1,(HL) | 1,A 

B 


BIT BIT BIT BIT BIT BIT BIT BIT BIT BIT 

0,B 0,C 0,D 0,E 0,H 0,L 0,(HL) 0,A 1,8 1,C 

BIT BIT BIT BIT BITT BIT BIT BIT BIT BIT BIT 
2,8 2,C 2,D 2,E 2,H 2,L 2, (HL) 2,A 3,B 3,C 3, (HL) 3,A 
BIT BIT BIT BIT BIT BIT BIT BIT BIT BIT B BIT 
4,B 4,C 4,D 4,E 4,H 4,L 4, (HL) 4A 5,B 5,C 5, (HL) 3A 
BIT BIT BIT BIT BIT BIT BIT BIT BIT BIT B BIT 
6,B 6,C 6,D 6,E 6,H 6,L 6, (HL) 6,A 7,B Fit 7, (HL) 7A 





RES RES RES RES RES RES RES RES RES RES 


D 
SRA 
D 
SRL 
D 
BIT 
1,D 
BIT 
3,D 
BIT 
5,D 
BIT 
7,D 
RES RES RES 
; 1,D 1, (HL) 1,A 
RES RES RES RES RES RES ES 
2,L 2, (HL) 2,A 3,B 3,C 3,D 
RES 
5,D 
RES 
7,D 
SET 
1,D 
SET 
3,D 
SET 
5,D 
SET 
7,D 







0,8 0,C 0,D 0,E 0,H 0,L 0, (HL) 0,A 1,B 1,C€ 

RES RES RES RES RES R RES 
2,B 2,C 2,D 2,E 2,H 3, (HL) 3,A 
RES RES RES RES RES RES RES RES RES RES RES RES 
4,B 4,C 4,D 4E 4,H 4,L 4, (HL) 4A 5,B 5,C 5, (HL) 5,A 


RES RES RES RES RES RES RES RES RES RES 
6,B 6,C 6,D 6,E 6,H 6,L 6, (HL) 6,A 7,B 7,C€ 


N 
> 


E 
RR 
E 
SRA 
E 
SRL 
E 
BIT 
1,E 
BIT 
3,E 
BIT 
5,E 
BIT 
Tak 
RES 
1,E 
RES 
3,E 
RES 
5,E 
RES 
7,E 


SET SET SET SET SET SET SET SET SET SET 
0,B 0,C 0,D 0,E 0,H 0,L 0, (HL) 0,A 1,B 1,C 


> 


L 
RR 
L 
SRA 
L 
SRL 
L 
BIT 
At 
BIT 
a 
BIT 
Sik 
BIT 
sae 
RES 
iL 
RES 
3, 
RES 
“ae 
RES RES RES 
7,L | 7, (HL) 
SET SET SET 
ie tA) 
SET SET 
3, (HL) ' 
SET SET 
5, (HL) 
SET SET SET 
7,L | 7, (HL) 


SET SET SET SET SET SET SET SET SET SET 
2,E 2,H 2,L 2, (HL) 


s 
w 
N 
dD 
_ 
oO 
tee 
> 
w 
> 


3,B 3,C 


S 
3 


SET SET SET SET SET SET SET SET SET SET 


> 
ow 
b 
(a) 
- 
Oo 


4,E 4,H 4,t 4, (HL) 4,A 5,B 5,C 


de 
> 


, 


SET 
3,L 
SET 
5,L 


SET SET SET SET SET SET SET SET 


WY 
™m 
4 


H 
RR 
H 

RA 
H 
SRL 
H 
BIT 
1,H 
BIT 

_H 
BIT 
3,H 
BIT 
7,H 
RES 
1,H 
RES 
3,H 
RES 
5,H 
RES 
7,H 
SET 
1,H 
SET 
iH 
SET 
5,H 
SET SET 
7,H 


a» 
wo 
ho 
mM 
cy 
oO 
a 
m 
2) 
ae 
a 
a 
a 
al 
i 
~— 
m 
> 
Pe 
ow 
N 
oO 
MS 
> 





as] m lay p> ~ wn w N = 
= 


SET 
1,E 
SET 
3,E 
SET 
5,& 
SET 
7,£ 


120489 


MPUZ80-457 


TMPZ84C013A 


TOSHIBA 


TMPZ84C013A Instruction Map (3/7) 


Instruction Table ( Ill ) (Byte 2 of 2-byte Opcode ) 





a6 oc Qa 


N 7 
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TMPZ84C013A Instruction Map (4/7) 
@ Byte1 “DD” 
Instruction Table (IV ) (Byte 2 of 2-byte Opcode ) 


ADD 
1X,BC 
ADD 
IX,DE 
ce 
IX,mn a IX IX, IX IX,(mn) 


PP PRECCEEE ICED 
LDC, 
a (IX +d) 
LD D, 
(IX +d) ce 
ee H, 
ee CS 
LDA, 
ee re ae We We ve oo (IX + d) 
ADC 1, 
He | (IX + d) 


SUB SBCA, 
(IX +d) (IX +d) 
AND XOR 

(IX +d} 















ae 
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Note ©: Special 2 byte Opcode Instructions (ref. Table (V1 )) 
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TMPZ84C013A Instruction Map (5/7) 
® Byte1 “FD” 
Instruction Table ( V ) (Byte 2 of 2-byte Opcode ) 


H , 
ADD 
IY,BC 


B, LD ce 
La + - (1Y + ee 
LDD, E, 
me + 1 a (IY + ne 
Ee LOL, 
ie et. (IY +d) 
LDA, 
Wed WV03 W09) Wee We W Wv49) (IY +d) 
Gs 
(IY +d) ie + ‘d) 
oe 
(IY +d) ee + a) 
AND XOR 
(IY +d) (IY +d) 
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Note ©: Special 2 byte Opcode Instructions (ref. Table (VI)) 
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TMPZ84C013A Instruction Map (6/7) 
© Byte1 “DD” 
Byte 2 “CB” 
Instruction Table (VI) (Special case of 2-byte Opcode : Byte 3 ) 


Me ERERELEN SS EA CLES EES EAE ER Ee 
tt tT ff foal PP PP fo 
| tT fetal PE TE fot 

pt ft feet PE EP fetta 
Pt Et ET ET fetta 














SET O, SET 1, 
(IX +d) (IX +d) 
SET 2, SET 3, 
(IX +d) (IX +d) 
SET 4, SET 5, 
(IX +d) (IX +d) 
SET 6, SET 7, 
(IX +d) (IX + d) 
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RES 6, RES 7, 
(IX + d) (IX +d) 
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TMPZ84C013A Instruction Map (7/7) 
© Byte1 “FD” 
Byte 2 “CB” 
Instruction Table (VII) (Special case of 2-byte Opcode : Byte 3) 


L 
H 
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3.3. CGC OPERATIONS 


This subsection describes the system configuration, functions, and basic operations of 
the clock generator/controller (CGC). 


3.3.1 Block Diagram 
Figure 3.3.1 shows the block diagram of CGC. 


HALT MODE SETTING REGISTER 
HALT (HALTMR : bit 4, bit 3) | 


CIM Oa oie) 












CLK OUT 
XTAL2 CONTROL CIRCUIT 


XTAL1 
a 


OSCILLATOR 
AND DIVIDER 








INTERNAL COUNTER 
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Figure 3.3.1 Block Diagram 


3.3.2 CGC System Configuration 


The internal configuration of the CGC is shown in Figure 3.3.1. The waveform from 
the external oscillator oscillated by the internal oscillator and divided by the divider is 
converted into the square wave for clock. The clock is controlled by the control circuit 
and the counter to be sent to the outside the CGC. The following describes the CGC’s 
main components and their functions. 


(1) Clock Generation 
(2) Operation Modes 
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[1] Clock Generation 


The CGC contains an oscillation circuit. By connecting oscillator to external pins 
(XTALI and XTAL2), the required clock can be generated easily. The CGC provides the 
clock whose frequency is 1/2 of the osicillation frequency. Figure 3.3.2 shows an 
example of oscillator connection. 


| Cs 
- 7 oo +} 
L Cc Rs 


Cin il Cout ay 170489 170489 


Figure 3.3.2 (a) Example of Crystal Figure 3.3.2 (b) Oscillator 
Connection Equivalent Circuit 


(1) For the quartz crystal oscillator, use the MR8000-C20 (oscillation frequency 8 
MHz) or MR12000-C20 (oscillation frequency 12 MHz) manufactured by Tokyo Denpa 
Company Ltd., or the equivalent; 











Load 
Capacitance 


Quartz Crystal 
Parameter (Typ.) 












Drive Level 





12 : ; 
(TR-49)|12_—s| 20 | 20 [0.0190| 381 | 69 | 05 | 3 
P76 [20 [20 fo.org7[ 400 57] 05 | 1220 


190589 
Note: The load capacitance in the condition does not include any stray capacitance. 


(2) For the ceramic resonater, use the CSA8.00MT, CST8.00MT (oscillation frequency 
8 MHz) or CSA12.00MT, CST12.00MT (osillation frequency 12 MHz) manufactured 
by Murata MFG Co., Ltd. 





190589 
Note: The CST8.00MT and CST12.0MT need no outer capacitance. 
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[2] Operation Modes 


The CGC has the capability to control 4 operation modes;Run, Idle 1, Idle 2, and Stop. 
Any one of them can be selected through the mode setting register (#F0:bit4, 
bit3:HALTMR). These modes become valid when the MPU executes a HALT 
instruction. Fetching a HALT instruction, the MPU sets the HALT signal to “0”, 
indicating that it has been put in the halt state. After the execution of the HALT 
instruction, the CGC performs the operation in the specified mode. Table 3.3.1 shows 
the operations in each mode. 


Table 3.3.1 CGC Operation Modes 


Halt mode setting register 
Bide EIN). Operational 










Description 


















Only the internal oscillator operates, stopping the 
supply of clock outside. The clock output 
(CLKOUT) is held at “0”. 





The internal oscillator continues operating with the 


Mode 
supply of clock outside (CLKOUT) continued. When 


sie2 Mode pins CLKOUT and CLKIN are connected, only the 
supply of clock (CLKOUT) to the CTC is continued. 


All internal operations are stopped. The clock 
stop Mode: | otitput (CLOUT) is held at “0*: 
The supply of clock outside is continued. 


140489 


The restart from the clock stop state in Idle 1, Idle 2 (these two modes are referred to 
as Idle mode hereafter), or Stop mode is performed by reset (RESET signal) or 
acknowledge of maskable interrupt (INT signal) or non-maskable interrupt (NMI 
signal). 


MPUZ80-465 











TOSHIBA TMPZ84C013A 


[3] 


Warm-up Time for Restart (from Stop mode) 


Releasing the halt state by interrupt acknowledge, the MPU begins executing 
interrupt processing. Therefore, when restarting the clock by the NMI or INT restart 
signal in the Stop mode, the oscillation must be fully stabilized before supplied outside. 
The CGC provides, by means of the internal counter, the warm-up time enough for the 
clock to stabilize frequency. The warm-up ends on the rising edge of the internal counter 
output dividing the oscillation frequency to start clock output. The warm-up time is 
equal to the time derived by dividing the frequency of the externally attached oscillator 
by 2 | 

Figure 3.3.3 shows the block diagram of the internal counter. Table 3.3.2 shows the 
relationship between the oscillation frequency and the warm-up time. 

In the restart by the RESET signal, no warm-up is performed for the quick operation 
at power-on. Therefore, expand the wae of the RESET signal adequately to provide the 
warm-up time. 








DIVIDER 





Cout 


> 
COUNTER 
215 





CLK OUT 






Cin CONTROL 
! CIRCUIT (fc) 
! CONTROL 
! CIRCUIT 
a a a a a aa aan aa 140489 


Figure 3.3.3 Block Diagram of Internal Counter 


* fo = fxTAL/2 | 
Table 3.3.2 Warm-up Time 


314/f¢ fXTAL = <n fXTAL = 8MHz 
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3.3.3 CGC Status Transition Diagram and Basic Timing 


The following describes the status transition and basic timing to be provided when 
the CGC operates. 


[1] Status Transition Diagram 


TERNAL 
OSCILLATOR 
NO QPERATIOD 


NO ees YES 


YES 
NO 


YES 


CLOCK OUTPUT 


SUCCESSION YES 


i 


Zz 
O 


YES 
STOP MODE 


| 


IDLE MODE 


CLOCK OUTPUT 
STOP (CLO 


oO 
Lv a) 
OO 
Arcs 
za 
ODF 
caym 
ar Sw) 
202 
z 
dar 
PN 
46 
O->9 
a) 


NMI=0OR 


NO NT =Q 
YES 


STOP MODE 
CLOCK OUTPUT 


STOP 
INTERNAL 


OSCILLATOR START 


S) } 
rm 
m 
< 
O 
.w) 
m 


WARMING-UP 
(214/ fc) 


CLOCK OUTPUT 
START 
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Figure 3.3.4 Status Transition Diagram 
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[2] Basic Timing 


The following describes the CGC basic timing when the CGC clock output pin 
(CLKOUT) and clock input pin (CLKIN) are connected. 


(1) Operation at execution of HALT instruction 


The following describes the basic timing in each mode to be provided when the 
MPU executes a HALT instruction. The MPU sets the HALT signal to “0” 
synchronized with the falling edge of clock state T4 of the HALT instruction 
Opcode fetch cycle (M1). This signal indicates to the CGC that the MPU is going to 
enter into the halt states. 


(a) Run mode (#FO0:bit 4= 1, bit 3 = 1:HALTMR) 


Figure 3.3.5 shows the basic timing in the Run mode. In the Run mode, the 
CGC continues supplying the clock to the outside even when the MPU is in the halt 
state. Therefore, the MPU continues executing NOPs during the halt state. The 
systems which need memory address refresh use this mode. 


M1 cycle ————>|___—_ M1 cycle en ae M1 cycle 


Ta TY T2 T3 T4 TY T2 T3 
CLK 
HALT 
M1 





HALT instruciton . . 
Opecode fetch cycle NOP execution ~<———— NOP execution 


Figure 3.3.5 Basic Timing in Ruin Mode 
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(b) Idle 1 mode (#FO:bit 4=0, bit 3=0:HALTMR), idle 2 mode (#FO:bit 4=0, bit 
3=0:HALTMR), and Stop mode (#F0:bit 4=1, bit 3=0) 


Figure 3.3.6 shows the basic timing in the Idle modes and Stop mode. In these modes, 
the clock output is stopped with clock state T4 being “0” by the HALT signal and the M1 
signal which follows the HALT instruction. | 

However, in the Stop mode, the CGC’s internal oscillator also stops. 
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T4 Ty T2 T T4 
CLK 


HALT instruction 
Opecode fetch cycle 


——_——_>|x————— NOP exection  —————>|<————- CLK Stopped ———-———> 
140489 


Figure 3.3.6 Basic Timing in Idle and Stop Modes 
(2) Clock output restart from each mode 


The clock stopped state in the Idle or Stop mode is cleared by setting any of the 
following signals to “0” (for the system restart operation, see Subsection 3.3.4) : 


e INT (level trigger input) 

e NM (edge trigger input) 

@ RESET (level trigger input) 
(a) Clock output restart from Idle mode 


Figure 3.3.7 (a) shows the basic timing for the sequence of the output restart 
from the clock stopped state in the Idle 1 mode. In the restart in the Idle 1 mode, 
the clock output is restarted in a relatively short delay time because the internal 
oscillator operates even in the clock stopped state. 


CLK OUT = T4 Ty T2 T3 
(Clock stopped state) | | | | | | 
MPU Clock 


“0 “ur 
1 ee Nf 
NMI ns as 
RESET 140489 


Figure 3.3.7 (a) Basic Timing for Sequence of Restart from 
Clock stopped State (Idi 1 MOde 
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(b) Clock output restart from Stop mode 


Figure 3.3.8 shows the basic timing for the sequence of the restart from the 
clock stopped state in the Stop mode. When restarting by setting the INT or NMI 
signal to “0”, the warm-up time is automatically created by the internal counter. 
In the restart by the RESET signal, oscillation restarts without warm-up. 


CLK OUT | | | | | | | | | | | | | | 


T4 Ty T2 T3 


De a (Clock stopped state) [ | | | [] 
"0" 
M1 \ / 
RESET | | 140489 


Figre 3.3.7(b) Basic Timing for Sequence of Restart from 
Clock stopped State (Idle 2 Mode) 





CLK OUT 


8 ha 


coe eee 
M1 , 
l Warm-up 
<— —_ 
time 
INT 


Warm-up 
<—- | —— > 
time 


Zz 
= 
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Figre 3.3.8 Basic Timing for Sequence of Restart from 
Clock stopped State (Stop Mode) 
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3.3.4 Relationship with MPU 


The following describes the relationship between the CGC and the MPU mainly in 
terms of the halt clear operation. 


[1] RESET Signal 


Figure 3.3.9 shows an example of the timing for the restart from the Stop mode on the 
TMPZ84C013A using RESET signal for both the MPU and CGC. To reset the MPU, the 
RESET signal must be set to “0” for at least 3 stable clocks. When the RESET signal 
goes “1”, the MPU releases the halt state after a dummy cycle of 2T clock states to start 
executing instructions from address 0000H. 

To restart the clock output by the RESET signal in the Stop mode, the internal 

counter to determine the warm-up time does not operate. 
Therefore, if the MPU does not restart correctly due to the unstable clock output 
immediately after the restart of the internal oscillator, or the unstability of the crystal 
at power-on, the RESET signal must be held at “0” for a time long enough for the MPU 
to be reset securely. 


Execution from 


execution - cycle | “> address OOOOH 





| NOP | 


T4 Ty T2 T3 T4 Ty T2 T3 T4 
cixouTl, | [LELELI | ' TL |_| Ld LDPLIELIOLEFLIA 
| 


eee OE oo ae ee ee: Se ae 


RESET aa , 
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Figure 3.3.9 Example of clock Restart Timing by RESET Signal 


[2] Releasing Halt State by Interrupt Signal 


The CGC restarts the clock output from the Idle or Stop mode by the input of INT or 
NMI signal. By this clock, the MPU starts operating. However, when the CGC restarts 
the clock output, the MPU is still in the halt state executing NOPs. To clear the halt 
state, the interrupt signal must be entered into the MPU (in the case of the INT signal) 
for at least one instruction. The MPU interrupt is detected on the rising edge of the last 
clock of each instruction (NOP for the halt state). 
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(1) 


(2) 


When using non-maskable interrupt (NMI) 


MPU’s non-maskable interrupt is edge trigger input. The MPU contains the 
flip-flop to detect an interrupt. The state of this internal NMI flip-flop is sampled 
on the rising edge of the last clock of each instruction. Therefore, when a short 
active low (“0”) pulse has been inserted before the interrupt detection timing, the 
interrupt is acknowledged. The NMI input of the TMPZ84C013A is connected to 
the NMI input of the MPU via the CGC, performing the same operations as above. 
(See Figure 3.3.11) 


When using maskable interrupt (INT) 


With a maskable interrupt, the maskable interrupt enable flip-flop (IFF) must 
be set to “1” by program before the INT input signal is detected “0”. Even if the 
CGC accepts the INT signal to restart supply of the clock, no interrupt is 
acknowledged unless the INT signal is kept inserted until one instruction (NOP) 
has been executed. Figure 3.3.10 shows the timing for clearing the halt state by 
the interrupt signal. 


Ta T14 T2 


T3 «#674 T 
CLK OUT LILI Lig « | LILI Lo 





INTERRUPT SAMPLING TIMING 
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Figure 3.3.10 Timing for Clearing Halt State by Interrupt Signal 
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[3] Connecting CGC to MPU on TMPZ84C013A 
Figure 3.3.11 shows the connection between the CGC and the MPU on the 


TMPZ84CO013A. 
CIN i a C OUT 


U CLK IN 
XTAL CLKOUT | HALT M1 
La | | LHF 






XTAL1 XTAL2 














CTC, PIO, SIO Ly 
INT CLK M1 
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Figure 3.3.11 Connection Between CGC and MPU 
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3.4 CTC OPERATIONAL DESCRIPTION 


TMPZ84C013A 


The CTC has 4 independent channels. To these channels, addresses are allocated on 
the TMPZ84C013A’s I/O map, permitting the read/write of the channels in the MPU’s 
1/O cycle. (See Figure 3.4.1) This subsection mainly describes the CTC operation to be 


performed after accessed. 
3.4.1 CTC Block Diagram 
Figure 3.4.1 shows the block diagram of the CTC. 





CHANNEL O 
= 
DATA { 
Do~D7 MPU BUS 
1/0 
INTERNAL BUS CHANNEL 1 
CE OPERATION 
CSo CIRCUIT 
CS; . 
Mi CHANNEL 2 
IOR 
aa | 
CHANNEL 3 
—<———— 


Figure 3.4.1. Block Diagram of CTC 
3.4.2. CTC System Configuration 
The CTC system consists of the following 4 logic circuits: 
(1) MPU bus I/O logic circuit 
(2) Internal control insect 
(3) Interrupt control logic circuit 
(4) Four independent counter/timer channel logic circuits 
[1] MPU Bus 1/O Logic Circuit 
This circuit transfers data between the MPU and the CTC. 


[2] Internal Control Logic Circuit 


ZC/TOg 
CLK/TRGo 


ZC/TO4 
CLK/TRG, 


ZC/TO?2 
CLK/TRG2 


ZC/TO3 
CLK/TRG3 
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This circuit controls the CTC operational functions such as the CTC selecting chip 


enable, reset, and read/write circuits. 


MPUZ80-474 


TOSHIBA TMPZ84C013A 


[3] Interrupt Control Logic Circuit 


This circuit performs the MPU interrupt related processing such as priority 


determination. The order of priority with other LSIs is determined according to the 


physical location in daisy chain connection. 
[4] Counter/Timer Channel Logic Circuit 


This circuit consists of the following 2 registers and 2 counters. 
Figure 3.4.2 shows the configuration of this circuit. 


@ Time-constant register (8 bits) 
e Channel control register (8 bits) 
e Down-counter (8 bits) 


e Prescaler (8 bits) 
CHANNEL CONTROL TIME CONSTANT 
REGISTER (8 BITS) REGISTER (8 BITS) 


INTERNAL BUS 


SYSTEM CLOCK PRESCALER DOWN COUNTER ZC/TO 
Se UEEnennaEnennaenemenamanmn amet 
(8 BITS) (8 BITS) 


CLK/TRG 
140489 


Figure 3.4.2 Configuration of Counter/Timer Channel Logic Circuit 
(1) — Time-constant register 


This register holds the time constant to be written in the down counter. When 
the CTC is initialized or the down-counter has reached zero, the time constant is 
loaded into down-counter. The time constant is set immediately after the MPU has 
written the channel control word in the channel control register. For a time 
constant, an integer from 1 to 256 can be used. 


(2) Channel control register 


This register is used to choose the channel mode or condition according to the 
channel control word sent from the MPU. 
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(3) Down-counter 


The contents of the time-constant register are loaded into the down counter. In 
the counter mode, these contents are decremented at each edge of the external 
clock;in the timer mode, they are decremented for each prescaler clock output. The 
contents of the time-constant register are loaded at initialization or when the 
down-counter has reached zero. 

The contents of the down-counter can be read any time. Also, the system can be 
programmed so that an interrupt request is generated each time the down-counter 
has reached zero. 


(4)  Prescaler 


The prescaler, used only in the timer mode, divides the system clock by 16 or 
256. The dividing number is programmed by channel control word. The output of 
the prescaler becomes the clock input to the down-counter. 


3.4.3 CTC Basic Operations 


[1] 


Reset 


The state of the CTC is unstable after it is powered on. To stabilize the CTC, the low 
level signal needs to be applied to the RESET pin. On any channel, the channel control 
word and time-constant data must be written to be started before it is started in the 
counter or timer mode. To program the system to enable interrupts, the interrupt vector 
word must be written in the interrupt controller. When these data have been written in 
the CTC, it is ready to start. 


Interrupt 


The CTC can cause an interrupt when the MPU is operating in the mode 2. The CTC 
interrupt can be programmed for each channel. Each time the channel’s down-counter 
has reached zero, the CTC outputs the interrupt request signal (INT). When the MPU 
accepts the CTC’s interrupt request, the CTC outputs the interrupt vector. Based on this 
interrupt vector, the MPU specifies the start address of the interrupt processing routine 
and calls it to start interrupt processing. 

The MPU specifies the start address of the interrupt processing routine by the 
interrupt vector output from the CTC, so that the user can change the vector value to 
call any desired address. 

The interrupt processing is terminated when the MPU executes an RETI instruction. 
The CTC has the circuit which decodes the RETI instruction. By constantly monitoring 
the data bus the CTC can detect the termination of the interrupt processing. 
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The order of interrupt priority with the Z80 peripheral LSIs is determined by the 
daisy chain connection. That is, the peripheral LSIs are connected one after another and 
the one physically near the MPU is given a higher priority. The priority of the Z80 
peripheral LSIs (CTC, PIO, and SIO) contained in the TMPZ84C013A is determined by 
the contents of the interrupt priority register (#F4:bits 2 through 0). Inside the CTC, 
channel 0 is given the highest priority, followed by channels 1, 2 and 3 in this order. 

The CTC and other peripheral LSIs on the TMPZ84C013A have the signal lines IEO 
and IKI. Connect the IEO ofa higher peripheral LSI to the IEI of a lower perpheral LSI. 
Connect the IKI of the highest peripheral LSI to VCC. Leave the IEO of the peripheral 
LSI unused. In this connection, the CTC interrupt is caused under the following 
conditions: 


® When both IKI and IEO are high, no interrupt is caused. At this time, the INT 
signal is high. An interrupt can be requested in this state. 


e When the CTC outputs the interrupt request signal (INT), the IEO of the CTC 
becomes low. When the MPU accepts the interrupt, the INT goes high again. 


e When the IEI goes low, the IEO also goes low. 
e While the [ET is low, no interrupt can be requested. 


@ When the IEI goes low while an interrupt is being serviced, the interrupt 
processing is aborted. 


Operation Modes 


The CTC operates in either the counter mode or the timer mode. Mode is selected by 
writing the channel control word. 


(1) Counter mode 


In the counter mode, the number of edge of the pulses applied to the channel’s 
CLK/TRG pin is counted. When pulses have been input, the contents of the down- 
counter are decremented synchronizing with the rising edge of the next system 
clock. The pulse’s rising edge or falling edge to be counted can be specified by the 
channel control word. 

When the contents of the down-counter has reached zero, the high level pulse is 
output from the ZC/TO pin. When the interrupt is enabled by the channel control 
word, the INT pin goes low and an interrupt is requested. When the contents of the 
down-counter has reached zero, the time constant data written in the time 
constant register is automatically loaded into the down-counter. To load a new 
time constant value into the down-counter, write the data to the time constant 
register, and it is loaded into the down-counter after the current count operation is 
terminated. 
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(2) Timer mode 


In the timer mode, the time intervals which are integral multiples of the system 
clock period. A timer interval is measured according to the system clock. The 
system clock is supplied to the prescaler which divides it by a factor of 16 or 256. 
The output of the prescaler provides the clock to decrement the down-counter by 1. 
The time constant data is automatically loaded into the down-counter each time it 
has reached zero as in the counter mode. When the contents of the down-counter 
has reached zero, the high level pulse is output from the ZC/TO pin. 

This pulse period is given by the following expression: 


tc*P*TC 
Where, tc = System clock period 
P = Prescaler value (16 or 256) 
TC = Time constant data (256 for 00H) 


The user can select, by means of the channel control word, to start the timer 
automatically or to start the timer on the edge of the pulse at CLK/TRG pin. In 
case the user select the CLK/TRG pin, the user can also select the rising aces or 
falling edge of the pulse. 
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3.4.4 CTC Status Transition Diagram and Basic Timing 
[1] Transition Diagram 


Figure 3.4.3 shows the CTC status transition diagram. 
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Figure 3.4.3 (a) CTC Transition Diagram (a) 
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Figure 3.4.3 (b) CTC Transition Diagram (b) 
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[2] Basic Timing 
(1) Write cycle 


The write cycle is used to write a channel control word, an interrupt vector, or a 
time constant. The MPU drives the IORQ pin of the CTC low in the subsequent 
system clock cycle T2 to start the write cycle. 

It is required to make the M1 pin of the CTC high to indicate that the write cycle is 
on. 

At the start of the cycle, the channel is specified by CS1 (A1) or CSO (AO) of the 
CTC. Thus, the CTC’s internal registers are ready to accept data in system clock 
T3. Twisthe state to be automatically inserted by the MPU. 


TY T2 Tw T3 T4 


Ose Gee ee ee ee 
ee 
(Ao), (A1), (A2~7) | | 


| 


M1 


: : ae 140489 
Figure 3.4.4 Write Timing 
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(2) Read cycle 


The read cycle is used to read the contents of the down-counter. During clock 
cycle T2, the MPU initiates a read cycle by driving the RD and IORQ pins low. It is 
required to make the MI pin high to indicate that the read cycle ison. At the start 
of the read cycle, the channel is specified by CS1 (A1) or CSO (AO) of the CTC. 

On the rising edge of system clock TW, the contents of the down-counter at the 
time of the rising edge of T2 are put on the data bus. TW is the wait state to be 
automatially inserted by the MPU. 


Ty T2 Tw T3 71 
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Figure 3.4.5 Read Timing 
[3] Counter mode 


In the counter mode, the down-counter is decremented synchronizing with the system 
clock, at the edge of the pulse applied from the external circuit connected to the 
CLK/TRG pin. The period of the pulse to be applied to the CLK/TRG pin must be greater 
than 2 times the system clock period. Also, it is required to insert the setup time 
between the active edge of the CLK/TRG pin signal and the rising edge of the succeeding 
system clock. When the interval between these pulses is short, the down-counter is 
decremented one system clock later. When the down-counter has reached zero, a high 
level pulse is output from the ZC/TO pin. 
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CLK / TRG ms 
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Figure 3.4.6 Counter Mode Timing 
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[4] 


[5] 


Timer mode 


The timer starts operating at the second rising edge of the system clock from the 
rising edge of the pulse applied from the external circuit connected to the CLK/TRG pin. 
The period of the pulse to be applied to the CLK/TRG pin must be greater than 2 times 
the system clock period. Also, it is required to insert the setup time between the active 
edge of the CLK/TRG pin signal and the rising edge of the succeeding system clock. 
When the interval between these pulses is short, the timer starts one system clock cycle 
later. 


CLKIN 


CLK/TRG 


INTERNAL 


TIMER TIMER OPERATION START 
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Figure 3.4.7 Timer Mode Timing 
Interrupt acknowledge cycle 


Having received the interrupt request signal (INT) from the CTC, the MPU drives the 
CTC’s MI pin and IORQ pin low to provide the acknowledge signal. The IORQ pin goes 
low 2.5 system clocks later than the M1 pin. To stabilize the signal lines (IEI and IEO) 
in daisy chain connection, the interrupt request cannot be changed on each channel 
while the M1 pin is low. The RD pin is held high to make distinction between the 
instruction fetch cycle and the interrupt acknowledge cycle. While the RD pin is high, 
the CTC’s interrupt control circuit determines the interrupt-requesting channel of 
highest priority. When the CTC’s IEI is high and the M1 pin and IORQ pin go low, the 
interrupt vector is output from the interrupt requesting channel of highest priority on 
the data bus. At this time, 2 system clock cycles are automatically inserted by the MPU 
as a wait state to maintain the stabilization of the daisy chain connection. 
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Figure 3.4.8 Interrupt Acknowledge Timing 
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[6] 


Return from interrupt processing 


Return from the interrupt processing is performed when the MPU executes the RETI 
instruction. This RETI instruction must be used at the end of the interrupt processing 
routine. When this instruction is executed by the MPU, the CTC’s IEI and IEO return to 
the state active before the interrupt has been serviced. 

The RET instruction is a 2-byte instruction. Its code is EDH 4DH. The CTC decodes 
this instruction to check if there is the next interrupt request channel. 

In the daisy chain structure, the interrupting LSI’s IEI and IEO are held high and low 
respectively at the time the instruction code EDH has been decoded. 

The code following EDH is 4DH, only the peripheral LSI which has sent the last 
interrupt vector (that is, the LSI whose IEI is high and IEO is low) returns from the 
interrupt processing. This restarts the processing of the suspended interrupt of the 
peripheral LSI of the next higher priority. 
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Figure 3.4.9 Interrupt Return Timing 
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3.4.5 CTC Operational Procedure 


To operate the CTC in the counter mode or the timer mode, the channel control word 
and time-constant data must be written in the CTC. To enable interrupts by the channel 
control word, the interrupt vector must be written in the CTC. 


[1] V/OAddress and Channel Control Word 


To write the channel control word in the CTC, the channel must be specified by the 
corresponding channel I/O address. Table 3.4.1 shows the channel I/O addresses. 


Table 3.4.1 Channel I/O Addresses 
0 #10 


1 #11 
2 #12 
3 #13 
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The channel control word to be written in the CTC consists of 8 bits. The system data 
bus DO through D7 correspond to bit 0 through 7 respectively. Figure 3.4.10 shows the 
meaning of each bit. Table 3.4.2 shows the function of each bit. 


D6 


D7 D5 D4 D3 D2 D1 DO 
Counter/ Time 
Interrupt cinar Prescaler Trigger Saneahe Reset 1 
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Figure 3.4.10 Channel Control Word 
For the channel control word, DO must be always 1. 


Table 3.4.2 Meanings and Function of Channel Control Words (1/3) 


Meaning and function | 

Disables channel interrupt | Enables channel interrupt. In either 
counter or timer mode, the interrupt is 
requested every time the down-counter 
has reached zero.When this bit is set to 
“1" the interrupt vector must be written 
in the CTC before the down-counter 
starts. When the channel control word 
whose D7 bit is “1” is written in an already 
operating channel, the interrupt occurs 
only when the down-counter has reached 
zero for the first time after the writing of 
the new channel control word. 
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(2/3) 


Meaning and function 


Puts the channel in the timer mode. Puts 
the system clock into the prescaler and 
outputs the divided signal to the down- 
counter. 


Used only in the timer mode. The 
prescaler is set to divide the system clock 
by 16. 


In the timer mode, the timer operation 
starts on the falling edge of the trigger 
PULSE (CLK/TRG) . In the counter mode, 
the down-counter is decremented on the 
falling edge of the external clock pulse 
(CLK/TRG) 


Used only in the timer mode. 
The timer oparation starts on the rising 
edge following 2 system clocks after the 


time constant has been loaded into the 
down-counter. 


Indicates that the channel contro! word is 
not followed by the writing of time 
constant. When the channel is in the reset 
state, this bit cannot be set to “0” in the 
first channel control word . To change 
states with the time constant unchanged, 
the channel! control word with this bit set 
to “0” must be entered. 


Puts the channel in the counter mode. 
The down-counter is decremented for 
each edge trigger applied to the CLK/TRG 
pin. In the counter mode, the prescaler is 
not used. 


Used only in the timer mode. The 
prescaler is set to divide the system clock 
by 256. 


In the timer mode, the timer operation 
starts on the rising edge of the trigger 
pulse (CLK/TRG). In the counter mode, the 
down-counter is decremented on the 
rising edge of the trigger pulse (CLK/ 
TRG). 


Used only in the timer mode. The timer 
operation is started by the external 
trigger pulse. That is, the timer starts 
operating at the trigger pulse entered 
after the rising edge following 2 system 
clocks after the time constant has been 
loaded into the down-counter. If the 
interval between the system clock and the 
trigger pulse satisfies the setup time, the 
prescaler starts operating on the second 
rising edge. Otherwise, the prescaler 
starts operating on the rising edge 
following 3 system clocks. If the trigger 
pulse is entered before the time constant 
is loaded the same effect as when bit 3 = 
“0” takes place. 


Indicates that the channel control word is 
followed by the writing of time constant. 
If the time constant is written during 
down-counter operation, the new time 
constant is set to the time constant 
register with proceeding the current 
counting. When the down-counter has 
reached zero, the new time constant is 
loaded into the down-counter. 
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[2] 


Bl 








| | (3/3) 
Meaning and function 


Continues the current channel operation {Stops the down-counter operation. 
When this bit is set to “1”, the channel 
operation stops but all the channel! 
control register bits remain unchanged. 
When bit 2 = “1" and bit 1 = “1”, the 
channel operation remains stopped until 





a new time constant is written. Channel 


restart is set up after the new time 
constant is programmed. The channel is 
restarted acoording to the state of bit 3. 
When bit 2 = “0” and bit 1 = “1”, the 
channel operation does not start until a 
new channel control word is written. 
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Time-Constant Data 


In either the time mode or the counter mode, the time-constant data must be loaded 
into the time constant register. When bit 2 (D2) of the channel control word is “1”, the 
time constant is loaded into the time constant register immediately after the channel 
control word is written. A time-constant value must be an integer in a range of 1 to 256. 
When the 8 bits of a time constant are all “0”’s, such a time constant is assumed to be 
256. Figure 3.4.11 shows the bit configuration of time-constant data. 


[07 [pe | ps | ba | ps | oz | bt | bo 
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; 140489 


Figure 3.4.11 Time-Constant Data 
Interrupt Vector 


In interrupt in the MPU mode-2, the interrupting channel must give an interrupt 
vector to the MPU. An interrupt vector is written in the channel-0 interrupt vector 
register with bit 0 (D0) =“0”. The vector is written in the same way as the channel 
control word is written on channel 0. However, bit 0 (DO) of the vector should always be 
“0”. Bit 7 (D7) through bit 3 (D3) are user-defined values. Bit 2 (D2) and bit 1 (D1) are 
automatically given and contain the code of the interrupt-requesting channel having the 
highest priority. Table 3.4.3 shows the channel codes. Figure 3.4.12 shows the interrupt 
vector bit configuration. 
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Table 3.4.3 Channel Codes 


Bit 2 (D2) Bit 1 (D1) Channel number 


(high) 


Priority 


0 
0 
1 
1 


0 
1 
2 
3 





(low) 
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_v7 | ve | v5 | va | va | x | x | 0 


| L Fix to "0" 
Channel codes 


Interrupt vector given by user. 
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Figure 3.4.12 Interrupt Vector 
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3.4.6 Using CTC 
[1] Counter Mode 


a 
ae 
© 
o 
a 
° 
= 
=) 
aie) 


describes how to use the CTC by referring to a program using channel 0 
+ dicahlad , 






LOAD OF CHANNEL 
CONTROL WORD 
LOAD OF 
TIME CONSTANT 
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Figure 3.4.13 Counter Programming Procedure 


(b) The block diagram for converting the 100 kHz system clock into the 10 kHz 
equivalent is shown in Figure 3.4.14. 


CHANNEL 0 


~ TIME CONSTANT 
PRESCALER REGISTER 


: A TIME CONSTANT IS LOADED EVERY TIME 
| WHEN THE DOWNCOUNTER COUNTS ZERO. 


Y 
DOWN COUNTER 


OUTPUT | ZC/TOO (10kHz) 


CLK/TRGO (100kHz) 
INPUT 
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Figure 3.4.14 Down-Counter Block Diagram 
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(c) Thechannel control word configuration is shown in Figure 3.4.15. 
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Figure 3.4.15 Channel Control Word Configuration 


[2] Timer Mode 


(a) The timer programming procedure with interrupt disabled is shown in Figure 


START 


LOAD OF CHANNEL 
CONTROL WORD 


3.4.16. 





LOAD OF 
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Figure 3.4.16 Timer Programming Procedure 
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(b) The block diagram for converting the 4 MHz system clock into the 1 kHz 
equivalent is shown in Figure 3.4.17. 







CHANNEL 1 | 
TIME CONSTANT 
PRESCALER REGISTER 
SYSTEM CLOCK (4MHz) 16-DIVIDE 
INPUT 






(250KHz) A TIME CONSTANT IS 


LOADED EVERY TIME 
WHEN THE DOWNCOUNTER 
COUNTS ZERO. 


DOWN COUNTER 


OUTPUT | ZC/T01 (1KHz) 
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Figure 3.4.17 Timer block Diagram 


(c) Thechannel control word is shown in Figure 3.4.18. 


D7 D6 D5 D4 D3 D2 D1 DO 





INTERRUPT PRESCALER TIMER START CHANNEL 
DISABLE VALUE (16) 
en eee CONTROL WORD 
TIMER 
MODE START THE TIMER TIME 


OPERATIONATTHE CONSTANT 
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CHANNEL RESET 
EXTERNAL CLOCK. 140489 


Figure 3.4.18 Channel Control Word 
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3.5 SIO OPERATIONAL DESCRIPTION 


The SIO has two independent, programmable full-duplex serial ports. These ports are 
assigned addresses on the TMPZ84C013A’s I/O map. This subsection mainly describes 
the operations that take place after accessing the SIO. 


3.5.1 SIO Block Diagram 
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Figure 3.5.1 SIO Block Diagram 


3.5.2 SIO System Configuration 


As shown in Figure 3.5.1, the SIO consists of the MPU bus interface, the internal 
controller, the interrupt controller, and two independently operating full-duplex 
channels. Each channel has the read register, the write register, and the external 
controller which controls the connection with peripheral LSIs or external devices. 

The TMPZ84C013A contains all the functions and pins of the 40-pin, DIP-type 
TMPZ84C40A (SIO/0), TMPZ84C41A (SIO/1), and TMPZ84C42A (SIO/2). However, 
when using the SIO of the TMPZ84C013A, the SIO/0, SIO/1, or SIO/2 must be used 
alone. The pin assignments are as shown in Figure 3.5.2. 
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Table 3.5.1 shows the types and functions of the SIO registers. Each channel has 8 
write registers and 3 read registers. 





(1) Communication data path 
Figure 3.5.3 shows the communication path of each channel’s transfer data. ! 
1 Receive operation 


The receiver has an 8-bit receive register and a 3-stage 8-bit buffer register in 
FIFO configuration. This saves time in high-speed data block transfers. The 
receivers also have the receive error FIFO which holds the status information such 
as parity and framing errors. The receive data follow different paths according to 
the operation mode and character length as shown in Figure 3.5.3. 


Table 3.5.1 (a) Write Registers 


Write ; 
register 0 (WRO) Resets CRC. Sets pointers of registers, and commands. 
Write 

; Sets th : 
register 1 (WR1) ets the interrupt mode 
Wile Sets the vector to be transmitted at interrupt. (Channel B only) 
register 2 (WR2) 
Write 

P 

register 3 (WR3) rovides the parameters to control the receiver. 
ee Provides the parameters to control the receiver and transmitter 
register 4 (WR4) P i 
Write 
register 5 (WR5) Controls the transmitter. 
ae Sets the sync character or the SDLC address field. 
register 6 (WR6) 
Write 
register 7 (WR7) Sets the sync character or the SDLC flag. 
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Table 3.5.1 (b) Read Registers 


a 0 (RRO) Indicates the receive/transmit buffer state and the pin state. 
Read , 

Indicates the error status and the end-of-frame code. 
register 1 (RR1) 
BeaG Indicates the interrupt vector contents. (Channel B only) 
register 2 (RR2) 
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Figure 3.5.3 Transfer Data Path (Channel A) 
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Asynchronous mode 


In the asynchronous mode, the receive data enters the 3-bit buffer if the 
character length is 7 or 8 bits or the 8-bit receive shift register if the character 
length is 5 or 6 bits. 


Synchronous mode 


In the synchronous mode, the data path depends on the receive processing phase 
at the time. The receiver operation starts from the hunt phase. In this mode, the 
receiver searches the receiver data for the bit pattern which matches the specified 
sync character. Ifthe SIO is set in the monosync mode, the receiver searches for 
the bit pattern which matches the sync character set in WR7; if the SIO is set in 
the bisync mode, the receiver searches for the bit pattern which matches two 
consecutive sync characters set in WR6 and WR7. When synchronization has been 
established, the subsequent data enter the 3-bit buffer by bypassing the sync 
register. 


SDLC mode 


In the SDLC mode, the sync register constantly monitors the receive data 
perform-ing zero deletion as required. When the sync register detects 5 “1”s 
consecutively in the receive data, the following bit is deleted ifit is “O”. If it is “1”, 
the bit that follows is checked. If it is “O”, it is assumed as a flag, if it is “1”, it is 
assumed an abort sequence (7 consecutive “1”s). 

The reformatted data are put in the receive shift register via the 3-bit buffer. 
When synchronization has been established, the subsequent data follow the same 
path regardless of the character length. 


Transmission 


The transmitter has an 8-bit transmit data register and a 20-bit transmit shift 
register. The 20-bit transmit shift register holds the data from the WR6, WR7, and 
transmit data register. 


Asynchronous mode 


In the asynchronous mode, the data in the 20-bit transmit shift register are 
added with the start and stop bits to be sent to the transmit multiplexer. 


Synchronous mode 


In the synchronous mode, the WR6 and WR7 hold the syne character. The 
contents of these registers are sent to the 20-bit transmit register as the sync 
character at the transmission of data blocks or as the idle syne character if a 
transmitter underrun occurs in data block transmission. 
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SDLC mode 


In the SDLC mode, the WR6 holds the station address and the WR7 holds the 
flag. The flag (WR7) is sent to the 20-bit transmit register at the start and end of 
each frame. For each of the other data fields, one “0” follows five consecutive “1”s. 


I/O functions 


To transfer data from/to the MPU, the SIO must be set in the polling, interrupt, 
or block transfer mode. 


Polling 


To operate the SIO in the polling mode, all interrupts mode must be disabled. In 
the polling mode, the MPU reads the status bits DO and D2 in each channel’s RRO 
to check for reception or transmission. 


Interrupts 


There are 3 types of SIO interrupt: transmit interrupt, receive interrupt, and 
external/status interrupt. These interrupts can be enabled by program. The 
receive interrupt is further divided into the following three: 


@ Interrupt on the first received character 
e Interrupt on all received characters 
e Interrupt on special receive conditions 


Higher priority is given to channel A than channel B. On the same channel, 
higher priority is given to reception, transmission, and external/status in this 
order. 

The SIO provides the daisy-chained interrupt priority control feature and the 
interrupt vector generating feature. Further, it provides the “status affected 
vector” feature. This feature outputs 4 interrupts depending on the interrupt 
source. 


Block transfer 


The SIO has the block transfer mode to adapt to the MPU”s block transfer and 
the DMA controller. For block transfer, the W/RDY line is used. For the MPU’s 
block transfer, this line is used as the wait line; for the DMA block transfer, it is 
used as the ready line. The SIO’s ready output indicates to the DMA controller 
that the data is ready to transfer. The SIO’s wait output indicates to the MPU that 
the SIO is not ready for data transfer and therefore requesting the extension of the 
output cycle. | 
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3.5.3 SIO Basic Operations 
(1) Asynchronous mode 


For data transfer in the asynchronous mode, the character length, clock rate, 
and interrupt mode must be set. These parameters are written in the write | 
registers. Note that WR4 must be set before the other registers are set. 

Data transfer does not start until the transmit enable bit is set. When the auto 
enable bit is set, the SIO starts transmission upon the CTS pin’s going “0”, 
allowing the programmer to send a message to the SIO without waiting for the 
CTS signal. Figure 3.5.4 shows the data format of the asynchronous mode. 


eee ge a Seen eee 
Marking ieriaanie cia te Marking 


Start bit Parity bit Stop bit 





Message direction 
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Figure 3.5.4 Data Format of Asynchoronous Mode 





1 Transmission 


Serial data are output from the TxD pin. Its transfer clock rate can be set to one 
of 1, 1/16, 1/32, and 1/64 times the clock rate to be supplied to the transmit clock 
input (TxC). The serial data are output on the falling edge of TxC. 


2 Reception 


The receive operation in the asynchronous mode starts when the receive enable 
bit (DO of WR3) is set. When the receive data input RxD is set to “0” for the 
duration of at least 1/2 bit time, the SIO interprets it as the start bit, sampling the 
input data at the middle of the bit time. The sampling is performed on the rising 
edge of the RxC signal. 

When the receiver receives the data whose character length is not 8 bits, it 





converts the data into the one composed of the necessary bits, the parity bit and 
the unused bit set to “1”. 


Example: a 6-bit character )1 | Pp [p5|p4]o3|p2]}o1| D0 


When the external/status interrupt is enabled and a break state is detected in 
the receive data, the interrupt is generated and the break/abort status bit (D7 of 
RRO) is set and the SIO monitors the transmit data until the break state is cleared. 
The interrupt is also generated when the DCD signal is in the inactive state for 
more than the specified pulse width. The DCD status bit is set to “1”. 
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In the polling mode, the MPU must refer the receive character valid bit (DO of 
RRO) to read the data. This bit is automatically reset when the receive buffer is 
read. In the polling mode, the transmit buffer status must be checked before 
writing data in the transmitter to avoid overwrite. 


Synchronous mode 


There are 3 kinds of character synchronization : monosync, bisync, and external 
sync. In each of these synchronous modes, the times 1 clock rate is used for both 
transmission and reception. The receive data is sampled on the rising edge of the 
receive clock input (RxC). The transmit data changes on the falling edge of the 
transmit clock input. 


Synchronous 


character Data field 





Monosynchronous mode 





Synchronous Synchronous 


Bisynchronous mode 







Data field 


Message direction External synchronous mode 
CC $$$ 
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Figure 3.5.5 Data Format of Synchronous Mode 
Monosync 


In this mode, synchronization is established when a match with the sync 
character (8 bits) set to WR7 is found, enabling data transfer. 
Bisync 


In this mode, synchronization is established when a match with 2 consecutive 
sync characters set to WR6 and WR7 is found, enabling data transfer. In this mode 
as well as the monosyne mode SYNC is active during the receive clock period in 
which the sync character is being detected. 
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(a) 


(b) 


(c) 


(a) 


External sync 


In this mode, synchronization is performed externally. When synchronization is 
established, it is indicated by the SYNC pin. The SYNC input must be kept to “0” 
until the character synchronization is lost. Character assembly starts from the 
rising edge of the RxC after the falling of the SYNC. 

After reset, the SIO enters the hunt phase to search for the sync character. If 
synchronization is lost, the SIO sets the enter-hunt-phase-bit (D4 of WR83) to 
reenter the hunt phase. 


Transmission 
Data transfer using interrupt 


When the transmit interrupt is enabled, the interrupt is caused upon the 
transmit buffer’s being emptied. For the interrupt processing, other data are 
written in the transmitter. If these data are not ready for some reason, the 
transmit underrun condition occurs. 


Bisync mode 


In the bisyne mode, if the transmitter runs out of data during transmission, 
supply characters are inserted. This is done in two methods. In one method, sync 
characters are inserted. In the other, characters generated so far are transmitted 
followed by sync characters. Either of these methods can be selected by the reset 
transmit underrun/EOM command in WRO. 


End of transmission 


Break can be performed by setting bit D4 of WR5. When break is performed, the 
data in the transmit buffer and the shift register are lost. When the 
external/status interrupt is enabled, the SIO generates the interrupt depending on 
the transmitter state and outputs the vector. This mode can be used for block 
transfer. 


Reception 
Interrupt on the first received character 


This mode is used for ordinary block transfer. In this mode, the SIO generates 
the interrupt only for the first character;subsequently, it does not generate the 
interrupt unless special receive conditions are satisfied. 

To initialize these settings, command 4 of WRO (to be enabled by the next 
receive interrupt) must be set in advance. 


MPUZ80-499 





TOSHIBA TMPZ84C013A 


(b) 


(c) 


(3) 


a Frame 


Address 
Open flag field 





(a) 


(b) 


Interrupt on all received characters 


In this mode, the SIO generates the interrupt for all characters coming into the 
receive buffer. When the status affect vector has been set, a special vector is 
generated on a special receive condition. 


Special receive condition interrupt 


This interrupt occurs when any of the above interrupts is selected. The special 
receive conditions include parity error, receive overrun error, framing error, and 
end-of-frame (SDLC). These error status bits are latched, so that they must be 
reset after they are read. They can be reset by command 6 of WRO (error reset). 


SDLC mode 


The SIO supports both the SDLC and HDLC protocols. They resemble each 
other, so that only the SDLC mode is explained here. 

Figure 3.5.6 shows the data format in the SDLC mode. In the SDLC mode, one 
data block is called a frame and the message in it is put between the open flag and 
the close flag. The address field in the frame contains the address of a secondary 
station. Checking this address, the SIO receives or ignores the frame. 


i eae Close flag 
1 2 
Message direction 


Sg A ne 140489 


Figure 3.5.6 Data Format in SDLC Mode 

























Data field 


Transmission 
Data transfer using interrupt 


When the transmit interrupt has been set, the interrupt occurs each time the 
transmit buffer becomes empty. In the SDLC mode, data are sent to the SIO by 
this interrupt. 


Data transfer using wait/ready 


The wait function in the wait/ready capability is used to make the MPU extend 
the output cycle when the SIO’s transmit buffer is not empty. The ready function 
indicates to the DMA that the SIO’s transmit buffer is empty and therefore ready 
to receive data. If no data has been written in the transmit shift register before 
transmission, the SIO goes in the underrun state. This capability permits data 
transfer to the SIO. 
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(c) 


(d) 


(e) 


(a) 


Transmit underrun/EOM 


The SIO automatically ends the SDLC frame if there is no data to be 
transmitted to the transmit data buffer. To implement this, the SIO sends a 2-byte 
CRC when there is no data to send, then the SIO transmits one or more flags. After 
reset, the transmit underrun/EOM status bit is set to prevent the CRC character 
from being inserted when there is no data to be sent. Using this function, the SIO 
starts frame transmission. Here, the transmit underrun/EOM reset command 
must be set in advance between the transmission of the first data and the data end. 
Thus, the SIO goes in the reset state at the end of each message with the CRC 
character being sent automatically. 


CRC generation 


For CRC calculation, the CRC generator must be reset before transmission (bits 
D6 and D7 of WRO). CRC calculation starts when the address field is written in the 
SIO (WR6). The transmit CRC enable bit (DO of WR5) must be set before the 
address field is written. 


End of transmission 


When the transmitter is disabled during transmission, the data currently 
transmitted is all transmitted to its end. The subsequent data is put in the 
marking state. When the transmitter is disabled, characters remain in the buffer. 
However, the abort sequence is made active when the abort command is written in 
the command register, deleting all data. 


Reception 


As in the transmit mode, several parameters must be preset in the receive 
mode. The address field is written in WR7 and the flag character in WR7. 
Receiving the open flag, the receiver compares the contents of the following 
address field with the address set in WR6 or the global address (“1111 1111”). If 
the contents of the address field in frame matches either of these address, the SIO 
starts reception. 


Interrupt on the first received character 


This mode is generally used for the block transfer using the wait/ready 
capability. In this mode, the SIO generates the interrupt only on the first 
character. The status flag of this interrupt is latched, so that command 4 (to be 
enabled by the next received character) of WRO must be preset for re-initialization. 
When the external/status interrupt is set, an interrupt occurs every time the DCD 
changes. This interrupt also occurs when the special receive condition is satisfied. 


MPUZ80-501 








TOSHIBA | _ TMPZ84C013A 


(b) 


(c) 


(d) 


(e) 


Interrupt on all received characters 


In this mode, the SIO generates an interrupt on all received characters. When 
the status affect vector has been set, the SIO generates a special vector on the 
special receive condition interrupt. 


Special receive condition interrupt 


Using the special receive condition, the interrupt on the first received character 
or the interrupt on all received characters must be selected in advance. The 
receive overrun status of the special receive condition interrupt is latched. The 
status bit can be reset by the error reset command (WRO command). 


CRC check 


The receive CRC check is reset when the open flag at the head of a frame is 
received. CRC calculation is performed on the subsequent characters up to the 
close flag. In the SDLC mode, the transmit CRC is inverted, so that a special check 
sequence is used. The check must end with “0001 1101 0000 1111.” Since SIO 
handles the CRC character as a data, the MPU must discard it after reading it. 


End of transmission 


When the SIO receives the close flag, the end-of-frame-bit is set to indicate that 
the close flag has been received. When the status affect vector has been set, the 
special receive condition interrupt occurs and the interrupt vector is output. Any 
frame can be aborted by abort transmission. When the external/status interrupt 
has been set, the interrupt occurs and the break/abort bit in RRO is set. 
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3.5.4 SIO Status Transition Diagram and Basic Timing 


[1] Status Transition Diagram 


Figure 3.5.7 shows the SIO status transition diagram. 
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Figure 3.6.7 (b) State Transition 


Diagram 
Mono or NO 
bisynchronous? 


YES 
Synchronous mode SDLC External synchronous 
transmission transmission transmission 


140489 





Enable transmission 


Asynchronous 
mode? 


YES 


140489 






Asynchronous mode 
transmission 


Figure 3.5.7 (a) SIO Status Transition Diagram 
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Figure 3.6.7 (c) State Transition Diagram 
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Figure 3.6.7 (d) SIO Status Transition Diagram 
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Figure 3.6.7 (e) State Transition Diagram 
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[2] 


Basic Timing 


Figure 3.5.8 shows the timing in which data or a command is written from the MPU 
to the SIO. Figure 3.5.9 shows the timing in which data is read from the SIO to the 
MPU. Figure 3.5.10 shows the interrupt acknowledge timing in which the MPU gives 
an interrupt response to the SIO’s interrupt request to set the IORQ pin to “0” several 
clocks after setting the M1 pin to “0” as the acknowledge signal. To maintain the 
interrupt serviced state in daisy chain structure, the interrupt request state cannot be 
changed while M1 is active. 

Figure 3.5.11 shows the timing in which the return from interrupt is performed. 

Figure 3.5.12 shows how the daisy chain structure works. First, suppose that the SIO 
is servicing interrupt. When the PIO issues an interrupt request immediately before the 
first byte “EDH” of the RETI instruction is decoded with M1 being active, “IEO” of the 
PIO goes “0”. However, when “EDH” is decoded, the PIO’s interrupt request is not 
acknowledged. Therefore, the PIO’s “IEO” returns to “1”. When the second byte “4DH” 
is decoded, the SIO’s “IEO” returns to “1”. Therefore, the “IEI” and “IEO” of each 
peripheral LSI at this point of time all go “1”, or out of the interrupt serviced state. The 
PIO keeps the INT pin at “0” until this state is set. Then, the interrupt is serviced 
starting with the peripheral device of the higher priority. 
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Figure 3.5.8 Write Timing 
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Figure 3.5.9 Read Timing 
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Figure 3.5.10 Interrupt Acknowledge Timing 
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Figure 3.5.11 Return Timing from Interrupt 
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1 The SIO has made an interrupt request 
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2 The SIO is servicing the interrupt. 
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3 The PIO has made an interrupt request immediately before “EDH” is decoded by 
the SIO. By the PIO’s interrupt request, PIO’s IEO is set to “0”. 





4 Because “EDH” has been decoded, the PIO’s interrupt request is not acknowledged. 
Therefore, PIO’s IEO returns to “1”. 





6 The PIO’s interrupt request is acknowledged and the PIO’s IEO is set to “0”. 
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Poe Or cel fos 


Figure 3.5.12 Daisy Chain at Execution of RETI Instruction 
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3.5.5 SIO Operational Procedure 


The following mainly describes the meaning of each bit of the write and read 
registers. Special attention should be directed to the fact that the parameters of the 
write register (WR4) should be set before the others. 

Some registers can use only a signal channel. The I/O addresses listed in Table 3.5.2 
must be specified to write the control word and read/write data on the SIO. 


Table 3.5.2 I/O Addresses 


\/O function I/O address 


Channel A data #18 
Channel A command #19 
Channel B data #1A 
Channel B command #1B 
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[1] Write Registers 


1|]WR 0; Write register 0 


Table 3.5.3 Configuration of Write Register 0 


CRC reset code Primary command bit Register pointer bit 
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Bits DO through D2: Register pointer bits 


These bits specify the register on which read/write is performed by the next byte. 
When read/write is completed, the register pointer points to WRO. 


Bits D3 through D5: Basic command bits 


e Command 0 (=000): No operation 


This command only sets the register pointer without making the SIO operate. It 
is used to invalidate the command in the command chain for the SIO or hold the 
location at which a command is inserted in the command chain if required. 


e Command 1 (=001): Abort sequence generation 


This command is used to generate the abort sequence (7 or more consecutive 
“1”s). Note that command 1 is used only in the SDLC. 
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e Command 2 (=010): External/status interrupt reset 


Once an external interrupt or a status interrupt has occurred, the status bit of 
RRO is latched. This command is issued to enable the RRO’s status bit in order to 
enable the interrupt again. 


® Command 3(=011): Channel reset 


This command performs generally the same operation as when the RESET pin 
is set. The difference is that reset is performed only on a single channel. The 
command for channel A resets the interrupt priority circuit as well. 


e Command 4 (=100): Enable the interrupt at the next character reception. 





This command is used to enable an interrupt when the end of data block has 
been detected followed by the reception of the next block. 


e Command 5(=101): Reset transmit interrupt pending 


If the transmit buffer becomes empty in the transmit interrupt enable mode, an 
interrupt occurs. This command is used to disable the transmit interrupt when 
there is no data in the transmit buffer. 





® Command 6(=110): Error reset 


The error (parity or overrun error) caused in block transfer is latched in bits D4 
and D5 of RR1. This commands is used to clear these bits. 


e Command 7 (=111): Return from interrupt 


This command performs the same operation as the operation required to execute 
the RETI instruction on the SIO’s data bus. Therefore, non-Z80 MPUs (that is, 
systems using no RETI instruction) can use the daisy chain in the SIO. This 
command is available only on channel A. 


Bits D6 and D7: CRC reset code 


These 2 bits allow the programmer to select between the receive CRC checker reset, 
the transmit CRC generator reset, and the transmit underrun/EOM reset. 


Table 3.5.4 List of Reset Command Codes 


Reset the transmit CRC generator 
Reset the transmit underrun/EOM 
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2/WR1; Write register 1 


Table 3.5.5 Configuration of Write Register 1 


Wait/ready Enable Enable 


Receiving Status transmission external/ 
interrupt -affect interrupt status 


Select mode vector interrupt 


Select receiving/ 
Enable function | transmission 
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Bit DO: .External/status interrupt enable © 
When this bit is set, an interrupt is generated at the start of sync character 
transmission even if the execution is terminated upon detection of break/abort, the 
DCD, CTS or SYNC signal has changed, or the transmit underrun/EOM latch is set. — 
Bit D1: Transmit interrupt enable 
| When this bit is set, a transmit interrupt is generated upon the transmit buffer 
becoming empty. 
Bit D2: Status affect vector 
When this bit is set, bits D1 through D3 (V1 through V3) of WR2 is changed. When 


this bit is not set, the same interrupt vector as the contents of WR2 issued. Note that 
this bit is available only on channel B. | 
Bits D3 and D4: Receive interrupt mode 


These bits are used to select a receive interrupt mode. 


Bits D5 through D7: Selection wait/ready functions 


These 3 bits are used to select a W/RDY pin function. The wait or the ready function 
is selected by program and they are not used simultaneously. The meaning of these bits 
are: 


e When D5 is set to “1”, it indicates that the W/RDY pin responds to the receive 
buffer; when D5 is reset to “0”, it indicates that the pin responds to the transmit 
buffer. 


e When D6 is set to “1”, the W/RDY pin functions as the READY pin; when D6 is 
reset to “0”, the pin functions as the WAIT pin. 


@ When D7 is set to “1”, the wait/ready function is enabled; when D7 is reset to “0”, 
the function is disabled. 
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For example, when D7, D6, and D5 are “1”, “1”, and “0” respectively, and the transmit 
buffer is full, the READY pin goes “1”; when the transmit buffer is empty, the pin goes 
MO 

Table 3.5.6 shows the summary of the above description of bits D3 and D4 and D5 
through D7. 


Table 3.5.6 List of Receive Interrupt Mode Codes 


Receive interrupt mode 


Receive interrupt disable 











Interrupt on first received character or special receive condition* 









Interrupt on received character or special receive condition* 






Interrupt on received character or special receive condition* (except for parity error) 
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* 


End of frame (in SDLC mode only) 
Receive overrun error 

Parity error 

Framing error 


Special receive conditions: 





Table 3.5.7 Wait/Ready Select Function (D5 through D7) 


Buffer state 
Pin Pin (Function) Pin output | Pin output | 


DISABLE | WAIT Floating os 
i 


ENABLE | WAIT The transmit buffer is full and the SIO data port 
is selected. 
















} Floating | The transmit buffer is empty. 


READY The transmit buffer is full. 
The transmit buffer is empty. 
WAIT Floating | The receive buffer is full. ae 






Low The receive buffer is empty and the SIO data 
port is selected. 
READY The receive buffer is full. 
The receive buffer is empty. 
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3 | WR 2; Write register 2 


Table 3.5.8 Configuration of Write Register 2 





Subject to change under different 
interrupt conditions if the status- 
affect vector bit is set. 140489 


This write register is the interrupt vector register. When bit D2 of WR1 (B channel) 
is not set, the interrupt vector is issued. When bit D2 of WRI (B channel) is set, bits D1 
through D3 (V1 through V3) are changed depending on the interrupt generation 
condition. This time, the contents of WR2 remain unchanged. Because WR2 is available 
only on channel B, WR2 must be programmed even if only channel A of the SIO is used. _ 

Table 3.5.9 shows the WR2 bit states in the interrupt condition with the status affect 
vector being set. 


Table 3.5.9 Channel Interrupt Condition Codes 


Transmit buffer empty 
Change of external/status 
Received character available 


Special receive condition* 
Transmit buffer empty | 
Change of external/status 
Received character available 
Special receive condition* 
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* Special receive conditions: 


End of frame (in SDLC mode only) 
@ Receive overrun error 

e Parity error 

@ Framing error 
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4 |\WR 8; Write register 3 


Table 3.5.10 Configuration of Write Register 3 


Address Prohibit 
search synchronous Enable 
mode character receiving 
load 


Receiving bit Auto Enable 
/character enable receiving 
CRC 
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Bit DO: Receive enable 
When this bit is set, the receive operation starts. Because this bit is used to start the 
receive operation, it must be set after the receive-associated programming has been all 
completed. 
Bit D1: Sync character load inhibit 


When this bit is set in the sync mode, the sync character is not loaded into the receive 
buffer. This bit is used to remove the sync character and idle sync from the received 
characters. 


Bit D2: Address search mode 


When this bit is set in the SDLC mode, any message having a programmed address or 
an address other than the global address (FFH) is not received by WR6. Therefore, the 
receive interrupt does not occur unless an address match occurs. 


Bit D8: Receive CRC enable 


When this bit is set, CRC calculation starts at the start of the last data transfer from 
the receive shift register to the receiver buffer. 


Bit D4: Enter hunt Phase 


When the establishment of synchronization is required, set this bit to enter the SIO 
into the hunt phase. The hunt phase is automatically cleared upon establishment of 
synchronization. 


Bit D5: Auto enable 


When this bit is set, the transmitter is enabled at the time the CTS pin is “0”. When 
the DCD pin is “0”, the receiver is enabled. 


Bits D6 and D7: Receive character length 


These bits are used to specify the number of receive bits which make up one character 
(character length). Table 3.5.11 shows the number of bits per character. 
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Table 3.5.11 Receive Character a Codes 
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5 |1WR 4; Write register 4 


Table 3.5.12 Configuration of Write Register 4 


D7 D6 D3 D2 
Clock mode Stop bit 


Bit DO: Parity enable 


When this bit is set, 1-bit transmit data is added to the number of bits specified by D6 
and D7 of WR3 and the data is received in the resulting number of bits. If a character 
length other than 8 bits is selected, the added parity bit is set to the MSB side to be 
transferred to the receive data FIFO. When the 8-bit character length is selected, the 
parity bit is not transferred to the receive data FIFO. 








Parity 
Even/Odd 






Synchronous mode 






Enable 
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Bit D1: Parity even/odd 


This bit is used to determine whether to perform transfer and check in even or odd 
parity. (Even parity =“1”, odd parity =“0”) 


Bit D2 and D3: Stop bit length 


These bits are used to select the stop bit length in the asynchronous mode. In the 
synchronous mode, both D2 and D3 must be set to “0”. 


MPUZ80-516 


TOSHIBA TMPZ84C013A 


Table 3.5.13 Stop Bit Length Codes 
[gnemode—SSCS™~—~—sSCSCSdSC 
Fisopbiveereder Sd] 
issopbiweherecer id] 
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Bits D4 and D5: Sync mode 
These bits are used to select the syne mode. 


Table 3.5.14 Sync Mode Codes 
[synemode Yd 
[ebrayeemode——SSC~sdSC 
[soicmede(Hegehareceri7eH) ft | 
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Bits D6 and D7: Clock mode 


These bits are used to select the factor between the transmit/receive clock and the 
data transfer rate. In the synchronous mode, the X1 clock mode must be set. In the 
asynchronous mode, the transmit side and the receive side must have the same factor. 


Table 3.5.15 Clock Mode Codes 


Clock mode D7 
(data transfer rate) 


x 1 data transfer rate 
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6 |WR5; Write register 5 


Table 3.5.16 Configuration of Write Register 5 


Transmit bit Enable CRC 
/character transmission | transmission transmission 
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Bit DO: Transmit CRC enable 


When this bit is set at the time the transmit data is loaded from the transmit data 
buffer into the transmit shift register, the CRC calculation is performed on that data. If 
this bit is not set, the CRC calculation and transmission are not performed in the 
transmit underrun state in the synchronous or SDLC mode. 


Bit D1: Request to send 


When this bit is set, the RTS pin goes “0”. When this bit is not set, the RTS pin goes 
“1”, In the asynchronous mode, the RT'S pin goes “1” when the transmit buffer becomes 
empty. In the synchronous or SDLC mode, this bit state is followed by the RTS pin state. 


Bit D2: CRC-16 /SDLC 


When this bit is set, the CRC-16 polynomial (X1°+X!°+X?+1) is selected. When 
this bit is reset to “0”, the CRC-CCITT polynomial (x16 4 x124 x54 1) is selected. 


Bit D3: Transmit enable 


When this bit is set, the transmitter is enabled. Even if this bit is reset to “O” after 
the start of transmission, the sync character and the data being transmitted are 
transmitted to the last. 


Bit D4: Transmit break 


When this bit is set, transmitting any data forcibly puts the transmit data line (TxD 
pin) in the space state. When this bit is reset to “0”, the TxD pin is put in the marking 
state. 
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Bits D5 and D6: Transmit character length 
These bits indicate the character length of transmit data. 


Table 3.5.17 Transmit Character — Codes 







eC 
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As shown in Table 3.5.17, for the transmission of less than 5 bits (4 bits or 3 bits) per 

character, D6 and D5 are “0” and “0”, which do not indicate how many bits the transmit 

data consists of. To solve this problem, the data characters must be processed by the 
format shown in Table 3.5.18. Note that D indicates data. 





Table 3.5.18 Data Transfer Format with Transmit Data a of Less than 5 bits 
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Bit D7: Data terminal ready 


This bit indicates the DTR pin state. When this bit is set, the DTR pin goes “0”, when 
itis reset, the DTR pin goes “1”. 


7|WR6; Write register 6 
Table 3.5.19 Configuration of Write Register 6 


D7 D6 D5 D4 — D3 D2 D1 DO 


SYNC 


140489 
This register is programmed as follows: 


e Inthe externalsyncmode : Transmit sync character 
@ Inthe monosync mode : Transmit sync character 
e Inthe bisyne mode : First syne character 

e Inthe SDLC mode : Slave station address 
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8|WR7; Write register 7 


Table 3.5.20 Configuration of Write Register 7 


TMPZ84C013A 





This register is programmed as follows: 


@ Inthe monosync mode : Receive sync character 
@ In the bisync mode : Second sync character 
@ Inthe SDLC mode : Flag character (7EH) 


This register is not used in the external sync mode. 


[2] Read Registers 


1 | RRO; Read register 0 


Table 3.5.21 Configuration of Read Register 0 


Trasmission Synchronize Trasmission Interrupt 
underrun/ /Hunt bufferempty | pending 
EOM 





Used with the external/status interrupt 


Bit DO: Receive character available 


This bit is set when the receive buffer holds characters of 1 byte or more. This bit is 


reset when the buffer becomes empty. 


Bit D1: Interrupt pending — 


This bit is set when an interrupt occurs in the SIO regardless of the interrupt 


condition type. This bit is available only on channel A. 


Bit D2: Transmit buffer empty 


This bit is set when the transmit data buffer becomes empty or the SIO is reset. 
However, in the syne and SDLC modes where the CRC character is being transmitted, 


bit D2 is reset. 
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Receiving 
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Bit D3: Data carrier detect 


This bit indicates the DCD pin input state. This bit is latched when the 
external/status interrupt occurs. 


Bit D4: Sync/hunt 
The meaning of this bit depends on the operation mode: 
(i) Asynchronous mode 


Bit D4 indicates the SIO’s SYNC pin state. When the SYNC pin state changes, 
the external/status interrupt occurs. 


(ii) External sync mode 


When synchronization has been established by the detection of external 
synchronization, the last bit of the sync character must be set to “0” at the second 
RxC falling edge from the rising edge of the received RxC. That is, to set the SYNC 
input to “0” by the external circuit after the detection of synchronization, full 2 
receive cycle clocks must be awaited. 

When the SYNC input goes “0”, the sync hunt bit is set. When synchronization 
is lost or the end of message is detected, the enter hunt phase bit is set. 


(iii) Internal sync mode 


In the monosync and bisyne modes, bit D4 is initialized to “1” by the enter hunt 
phase command (D4 of WR3). This bit is reset when the SIO detects the sync 
character. 


(iv) SDLC mode 


Bit D4 is set when the receiver is disabled or the enter hunt phase command is 
issued. Then, when the frame open flag is detected, this bit is reset. 


Bit D5: Clear to send 
This bit indicates the opposite of the CTS pin input state. 
Bit D6: Transmit underrun/EOM 


This bit is set when the SIO is reset (including channel reset). Only the reset 
transmitter underrun/EOM latch command (WRO bits D7, D6=“1”, “1”) can reset this 
bit. When the transmit underrun state occurs, the external/status interrupt is 
generated. Bit D5 is also used to control transmission in the sync or SDLC mode. 
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Bit D7: Break/abort 


In the asynchronous mode in reception, this bit indicates the break state detection. 
When the break state is detected, this bit is set, generating the external/status 
interrupt. This bit is reset by the external/status interrupt reset command. 

After break, the external/status interrupt is generated again. In the SDLC mode, bit 
D7 is set when the abort sequence is detected, generating the external/status interrupt. 


2 |RR1; Read register 1 


Table 3.5.22 Configuration of Read Register 1 


D7 D6 D4 D3 D2 D1 
End of framing Parity 
frame error error Fraction 


Bit DO: All sent 
In the asynchronous mode, this bit is set when all characters are sent from the 


transmitter or there is no transmit data in the SIO. In the synchronous mode, this bit is 






Receiving 
overrun 
error 





characters 
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always set. 


Bits D1 through D3: Fraction codes 


Normally, I field is an integral multiple of character length. If it is not, these bits 
show the number of fraction bits. These codes are effective only for the transmission for 
which the end of frame bit is set in the SDLC mode. 


MPUZ80-522 


TOSHIBA TMPZ84C013A 


Example: Figure 3.5.13 shows examples of fractions in which the number of bits/character at 
the end of I field is 8 bits (1) and 4 bits (2). 


| field 
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Figure 3.5.13 Examples of Fraction Bits in | Field 


Table 3.5.23 (a) shows the fraction codes for the receive character whose character 
length is 8 bits. 


Table 3.5.23 (a) Bit Patterns by Fraction Bits at End of | Field 


Number of fraction bits at end of | field 
1 byte before 2 bytes before 
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The same table can also be provided for each character length when the receive 
character length of I field is other than 8 bits. 
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Table 3.5.23 (b) Bit Patterns by Number of Bits 
/Character (No Fractions 


[Sbicharecer [| 0 [0] + 
[~stitscharacer [0 [+ [0 
[~yeistcharacer [0 [eo 
[sbiticharaer [0 [+ [| + 
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Bit D4: Parity error 


This bit is latched when the parity select bit (DO of WR4) is set and a parity error is 
detected in the receive data. Latch can be cleared by the error reset command (WRO0O bits 
D5, D4, D3 =a pa lg “0°), 


Bit D5: Receive overrun error 


The receive data FIFO holds up to 3 characters. When more characters are received 
without read out by the MPU, the excess character is set to the receive FIFO. When this 
character is read by the MPU, this receive overrun error is set. Once set, bit D5 latches 
that state. When the error reset command (command 6 of WRO bits D3 through D5) is 
written, this bit is also reset. 


Bit D6: CRC/framing error 


In the asynchronous mode, this bit is set when a framing error is detected in the 
received character. Because this bit is not latched, it is always updated. 

In the synchronous and SDLC modes, this bit indicates the transmitted CRC check 
result. This bit is reset when the error reset command (command 6 of WRO bits D3 
through D5) is written. 


Bit D7: End of frame 


This bit is set when the end flag is detected in the receive data and the CRC check and 
the fraction code are found normal. This bit is reset when the error reset command 
(command 6 of WRO bits D3 through D5) is written. This bit is used only in the SDLC 
mode and is updated when the first character of the next frame is received. 
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3 |RR 2; Read register 2 


Table 3.5.24 Configuration of Read Register 2 


Interrupt vector | 





Subject to change under different 
interrupt conditions if the status- 
affect bit is set 
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When the status affect vector bit (D2 of WR1 (Channel B)) is set, bits V3 through V1 
are changed depending on the interrupt condition at the time. The vector to be read is 
determined by the interrupt condition having the highest priority at the time of read. 


When the status affect vector bit is reset, the contents of this register are the same as 
those of WR2. 


3.5.6 Using SIO 








The following describes some system examples using the SIO. Figure 3.5.14 shows an 
inter-processor communication system. In this example, the MPU on the left side 
controls the data transfer with the modules on the right side. Both diagrams shown in 
Figure 3.5.14 (a) and (b) are communication systems. As shown, the SIO is used to 
interface with external devices in data communication. The greatest advantage of the 
SIO is the smaller number of data lines than parallel communication. 
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RSXYZ 
driver 
/receiver 






RSXYZ 
driver 
/receiver 








RSXYZ 
driver 
/receiver 
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Figure 3.5.14(a) Example of Data Communication Between Processors 















Modem 






RS232C (Synchro See 

7 23 ; ie Data linking for 
LST: ' remote processor 

receiver Asynchro 






-nous) 
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Figure 3.5.14(b) Example of Data Communication Between Processor 
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3.6 STANDBY CAPABILITY 


3.6. 


— 


When a HALT instruction is executed, the TMPZ84C013A is put in one of the Run, 
Idle-1, Idle-2, or Stop mode depending on the contents of the halt mode setting register 
(#FO: bit 4, bit 3: HALTMR). (However, the TMPZ84C013A is put in the Run mode 
immediately after the reset operation by the RESET pin.) The halt mode setting register 
is set as follows. For the description and timing of each mode, see Subsection 3.3 “CGC 
Operations. ” 

The halt mode setting register is assigned to bits 4 and 3 of address FO in the I/O 
address area. The halt mode is released by the interrupt (the nonmaskable interrupt by 
the NMI pin or the maskable interrupt by the INT pin) or by the reset through the 
RESET pin. A maskable interrupt is accepted when the MPU is in the EI state (in the 
state after the execution of EI instruction). A nonmaskable interrupt is accepted 
unconditionally. When an interrupt is accepted, the interrupt processing starts. 

When the MPU is in the DI state (after the reset operation and the execution of DI 
instruction) with maskable interrupt, the TMPZ84C013A returns to the halt mode after 
executing a HALT instruction (actually a NOP instruction). 


Setting Halt Mode 


Duplicate control is provided to prevent the stop of the watchdog timer operation 
which may be caused by the halt mode setting error due to program runaway. 

The halt mode is set by the halt mode setting register (HALTMR) and the halt mode 
control register (#F 1: bits 7 through 0: HALTMCR). Figure 3.6.1 shows the contents of 
the halt mode control register (HALTMCR). Figure 3.6.2 shows the contents of the halt 
mode setting register (HALTMR). 
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Address F1 7 6 5 4 3 2 1 0 
(HALTCR) 
Write only 






Figure 3.6.1. Halt Mode Control Register 
(HALTMCR) 


Address FO 7 6 5 4 3 2 1 0 


Write 


Always write “011” 





See 3.7 Watchdog Timer 


0 O = IDLE1 
0 1. 2 DEEZ 
1 0 = STOP 
*7 1 = RUN 


Address FO 7 6 5 4 3 2 


: 
mn’ woren]_woter [watt [0 [7 [1 | 
|_________| SS 


See 3.7 Watchdog Timer Read written data “011” 


(Note) * : State after reset 
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Figure 3.6.2 Halt Mode Setting Register (HALTMR) 
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Figure 3.6.3 shows the device states in the halt state with the CLKOUT pin connected 
to the CLKIN pin. 


ena CLKOUT 






Note: CLK OUT and CLK IN must be connected. 
Figure 3.6.3 Device States in Halt State 


For the halt mode in which the clock is supplied from the CLKIN pin (with the CGC 
oscillator unused), the Run mode must be used. 


3.6.2 Halt Mode Setting Procedure 


After reset, the halt mode is changed to the Run mode. Figure 3.6.4 shows the 
procedure to set a new mode. 










Write Data “DB” into 
F1 address(HALTMCR) 


Write new mode 
into address FO. 
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Figure 3.6.4 Setting Halt Mode 
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3.7 WATCHDOG TIMER 


The watchdog timer (WDT) detects an operation error caused by the program 
runaway to return to the normal operation. 


3.7.1 Block Diagram of Watchdog Timer 


Figure 3.7.1 shows the block diagram of the watchdog timer. 











WDTOUT 
#FO 
WDTPR ——> enable 
(Bits band 5) ——» 
216 
2 22-step binary counter — 
(WDTCLK) —> for watchdog timer 


reset 


AEH B1H WDTE 


_LAw,lte I LAwrite 


Watchdog timer control 
register #F1 (WDTCR) 











Watchdog timer 
enable register 
#FO (WDTER) 


Internal data bus 
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Figure 3.7.1 Block Diagram of Watchdog Timer 
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3.7.2 Setting watchdog Timer 
(1) Enabling the watchdog timer 


The watchdog timer can be set by the watchdog timer enable register (#F0: bit 7: 
WDTER) and the watchdog timer periodic register (#F 0: bit 6, bit5: WDTPR). 


7 6 5 4 3 2 1 0 


Address FO 


Wie fova woTeR [HATTWRT 0 [1] 1 
Ld be 


See 3.6 Always wrtie “011” 
Standby functiuon 





0 0 = TcC«216 (TcC: Master clock) 
0 1 = TcC#218 
1 0 = TcC«220 
*4 1 = TcCx222 
* 1=Enable 
0 = Disable (Note) * : State after reset 
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Figure 3.7.2 Enabling Watching Timer 


(2) Disabling the watchdog timer 


The watchdog timer can be disabled by disabling the watchdog timer enable register 
(WDTER) then writing data “B1” in the watchdog timer control register (#F1 : bit 7 
through bit 0: WDTCR). 

This function has a duplicate structure to prevent the watchdog timer setting error, 
which may lead to the watchdog timer operation stop, caused by program runaway. 


Address FO ° : ‘ : a : : 


7 
Wite [vows] WOFPR [HALT OT 1 [1 
L_____] eee 


0 = Disable See 3.6 Always write “011”. 
Standby function 
Address F1 
(WDTCR) 1 0 1 1 0 0 0 1 
Write only 
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Figure 3.7.3. Disabling Watchdog Timer 
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(3) Clearing the watchdog timer 


The watchdog timer can be cleared by writing data “4E” in the watchdog timer 
control register (WDTCR). 


Address F1 
(WDTCR) 0 1 0 0 1 1 1 
Write only 
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Figure 3.7.4 Cleaning The Watchdog Timer 


Address FO 7 6 5 4 3 2 1 0 


agg est act 
ee eee 


See 3.6 Read out writen data”011” 
Standby function 





0 O = TcC#216 
0 1 = TcC+218 
1 0 = TcC«220 
1 1 = TcC*222 
0 = Disable 
1=Enable 
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Figure 3.7.5 Reading Watchdog Timer Setting Register 
3.7.3 Watchdog Timer Output 


When the enabled watchdog timer is used, the “0” level signal is output to the 
WDTOUT pin after the duration of time specified in the watchdog timer periodic 
register (WDTPR). The output pulse width is one of the following two types depending 
on the WDTOUT pin connection : 


(1) The WDTOUT connected to the RESET pin: The “0” level pulse of 5TcC (system 
clock) is output. 


(2) The WDTOUT connected to a pin other than RESET pin: The “0” level pulse is 
kept output until the watchdog timer is cleared by software or reset by the RESET 
pin. 
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3.8 INTERRUPT PRIORITY 


The programmable interrupt priority register (#F4 : bits 2 through 0 : INTPR) is 
provided to determine the interrupt priority for the CTC, SIO, in the TMPZ84C013A. 


3.8.1 Setting Interrupt Priority 


Figure 3.8.1 shows the register to determine the daisy chain interrupt priority for the 







CTC, SIO. 
Address F4 : ? 2 : : : : : 
(INTPR) 
Write only 

Priority order 

High —— Low 
*« CTC- SIO = O 0 0 
SIO- CTC = 0 0 1 

* State after reset 10a89 
Figure 3.8.1 Interrupt Priority Register (INTPR) 
[Example] 


When “001” is written in address F4 (INTPR), the daisy chain interrupt priority is 
given as shown in Figure 3.8.2. 


External pull up 
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Figure 3.8.2 Daisy Chain Interrupt Priority 
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4. ELECTRICAL CHARACTERISTICS 
4.1 MAXIMUM RATINGS 


a Power Dissipation (6IMHz VERSION : TA =85°C) 
(8MHz VERSION : TA = 70°C) 


6MHz VERSION - 40°C to 85°C 
TORP Operating Temperature 
8MHz VERSION — 10°C to 70°C 


030489 

















4.2 DCELECTRICAL CHARACTERISTICS 


6MHz VERSION : TOPR=-—40°C to +85°C, VCC=5V+£10%, VSS=0V 


8MHz VERSION : TOPR=-—10°C to +70°C, VCC=5V+5%, VSS=0V 
(1/2) 


[vie _[iockinputtowvorasecaxm | ——_—'| oa |=] 08 |v 
[wc |Clockinpurtigh Vokage xn) | ______|vecas| ~ |veceoa] v_ 
Input High Voltage (RESET) 


Output High Voltage (CLKOUT) IOH = —2.0mA 


VOHC |outputHigh Voltage (CLKOUT) VCC0.6, 
Output Low Voltage (except CLKOUT IOL=2.0mA } = | 


Output High Voltage 1 (except CLKOUT) —‘|IOH= -1.6mA 


2 
-0. 
OL ) 
2.4 


i; er | 3-state Output Leakage Current in Float VssS VoutS VCC 











< 
a 
M 
ro) 
ron) 
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(2/2) 


SYMBOL PARAMETER TEST CONDITION UNIT. 
ie oe cce 
ICCI_ | Power Supply Current VIHC = VIHR = VIH = VCC-0.2V, 
VILC=VILR =VIL=0.2V AT-8 31 35 


VCC =5V, 
ICC2 | Stand-by Supply Current ek = VCC-0.2V, 2 = 
(See Note(2) ) VILC = VIL = VILR = 0.2V 


VCC = 5V, 
fCLK = (1), 
VIHC=VIH = VIHR=VCC-0.2V, 
VILC = VIL=VILR=0.2V 


























Power Supply Current 
(IDLE 1 Mode) 




















VCC =5V, 
fCLK = (1), 

VIHC=VIH = VIHR = VCC-0.2V, 
VILC = VIL = VILR = 0.2V 





Power Supply Current 
(IDLE2 Mode) 
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Note: 

(1) fCLK=1/TcC (MIN) 

(2) ICC2 Stand-by Supply Current is guaranteed only when the supplied clock is stopped at a low 
level during T4 state of the following machin Cycle (M1) next to OP code fetch Cycle of HALT 
instruction. 

Except SYNCA=0 or SYNCB=0 state 
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4.3 ACELECTRICAL CHARACTERISTICS (1) (IN ACTIVE STATE) 


6MHz VERSION : TA=—40°C~85°C, VCC =5V £10%, VSS=0V 
8MHz VERSION : TA=—10°C~70°C, VCC=5V £5%, VSS=0V 


4.3.1 AC Characteristics of CPU (in Active State) 
(1/3) 


[=| Sree 
SYMBOL PARAMETER (6MHz) (8MHz) UNIT 
ieee tel ™ 
) 1 [tec [Clock cycleTime sf | Pee te 125{ — | 
oe a ee eee 
fea [eosrsewantom [as = foe [so = Poe fm 


Tic [clock Fall Time 
ieee Clock Rise Time 


Tdcr (A) Clock } to Address Valid 
Delay 
7 \TdA (MREQA Address Valid to MREQ | 
Delay 


Clock | to MREQ | Delay 
Clock f to MREQ f Delay 
10 REQ pulse Width (High) 
1 MREQ pulse Width (Low) 13 
Clock | to MREQ 7 Delay 

Data Setup Time to Clock 7 

3 
17 WAIT Setup Time to Clock | 


3 |ThWAIT (CE) WAIT Hold Time after 
Clock | 


: 
: 
: 
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| (2/3) 
TMPZ84C013AT-6 | TMPZ84C013AF-8 
NO. SYMBOL PARAMETER (6MHz) (8MHz) UNIT 
Data Setup to Clock 
25 |TsD (Cf) | during M2, M3, M4 or M5 AO 30 ns 
Cycles 
Address Stable prior to 
TeewOne”’ —TORG | pmol | - [sf - ffm 


27 | TdCr (IORQfF) Clock f to IORQ | Delay ns 
28 | TdCf (lIORQr) Clock | to IORQ f Delay 



















No 
W 
ve) 


NO 
(o>) | | NS n 
© jon) © o};un 


I = 
© an) =) mn oa (an) on 


rn 


29 | TdD (WRf) Data Stable Prior to WR | 
30 | TdCf (WRf) Clock | to WR | Delay 


W 
om 
=) 
~n 


TwWR WR Pulse Width 1 
TdD (WRf) Data Stable Prior to WR | - 


NO 
=) 


TdCf (WRr) Clock | to WR f Delay 





W 


—_ 


=> ol Ww U1 
© an) © on 


5 


=) 
va) 


36 | TdCf (HALT) 


BUSREQ Setup Time to 
TsBUSREQ (Cr) Clock 7 
ThBUSREQ (Cr) BUSREQ Hold Time after 
Clock f 


TdCr (BUSACKf) {Clock t to BUSACK | Delay 


TdCf(BUSACKr) |Clockt | to BUSACK 7 Delay 
( 


TdCr (Dz) Clock 7 to Data Float Delay 


=) =) 
Ww vA) 


38 


39 


a) 
n 


40 


=) 
n 


4) 
42 


=) 
Ve) 


Sw 
© 
=) 


Clock to Control Outputs 


43 |TdCr (CTz) 


Sw 
(an) 


Float Delay 
(MREQ, IORQ, RD, and WR) 


Clock 7 to Address Float 
Delay 


MREQ 7, 1ORQ7,RD%, and 
Rf to Address Hold Time 
SE 


a) 





44 |TdCr (AZ) 
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SN NO On Ol 
© Sa) wn 1 





45 | TdCr (A) 
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(3/3) 


TM bore 6 | TMPZ84C013AF-8 
SYMBOL PARAMETER bore (8MHz) UNIT 
rao Frawevonan _[WipwIoRGyoeey | asf - | - | 2m] - | — | w 
si fractroran —|eoekjoTORGL bel es eR eH 


[se fracrtoran [coe toi0RGto—ny | ~ | -| ~)—|-] «| 
[sa fracror lock ro ostavansoeay | — | —[wol—[— [as] m= 
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4.3.2 AC Characteristics of CGC (in Active State) 


SYMBOL PARAMETER (6MHz) (8MHz) UNIT 

(== Geese 
TcC TeccLK | Output Outputclock cycle OE sca | 162] — | — | 125] 125| ~ | 

ee eer ee 


TrC CLK Output clock rise time 


CLK out restart time by INT 
59 |TRST (INT) S (STOP Mode) 


CLK out restart time by NMI 
TRSTANMDS (STOP Mode) 


CLK out restart time by INT 
TRS EIN) (IDLE 1/2 Mode) 











— | — | J 
NTN | © 


a 
© 
— | 
NO | NO 
a 
Nn 


ay 
2) 


58 


a 
wn 


a 
wn 


61 


a 
—~n 


CLK out restart time by NM 


ae (IDLE 1/2 Mode) 


TRST (NMI) | 


G 
2) 


CLK out restart time by 


RESET 
(IDLE 1/2 Mode) 


63 | TRST (RESET) | 
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4.3.3 AC Characteristics of CTC (in Active State) 
TMPZ84C013AF-6 TMPZ84C013AF-8 
NO. SYMBOL PARAMETER (6MHz) (8MHz) UNIT 
Delay from M7 fall to IEO 
64 |TdM1 (IEO) fall (in case of generating 
only interrupt immediately 
before M1 cycle) 
TdIEl (IEOf) Delay from IEI fall to IEO fall | ~ | - | | - | - | so] os | 


Delay from IEI rise to IEO 
TalEl (JEOr) rise 150 120 ns 
(after ED decode) 


CLK/TRG setup to TL f for 
detection of interrupt 
tsCTR (c) Satisfied 
67 | IsCLK (INT) 
TcCTR CLK/TRG Frequency Tc 
(counter mode) 
TrCTR CLK/TRG rising time 


CLK/TRG f to Clock 7 
Setup Time for Immediate 
Count 

(counter mode) 































tsCTR (c) not Satisfied 
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| 75 | Tdc (zcrTor) Clock T to ZC/TO 7 Delay 
TdC (ZC/TOF) Clock | to ZC/TO | Delay 


CLK/TRG f to Clock T Setup 

Time for enabling of 

Prescaler on following 150 
clock T 

(timer mode) 
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ie 
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4.3.4 AC Characteristics of SIO (in Active State) 
(1/2) 


TMPZ84C013AT-6 TMPZ84C013AF-8 
NO. SYMBOL PARAMETER (6MHz) (8MHz) UNIT 
Ta fang iijwaatauime |) -|-] o)-[-[o 
IE! | to IORQ | Setup time 1 

M1 | to IEO | Delay 

TdM1 (1EO) (Interrupt before M1) ny yey = 
TEI | to IEO } Delay 

T 150 120 S 
| 96 | Tale (IEOf) IEI | to IEO | Delay 70 50 ns 


IORQ | or CE | to | 
WIRDY | Delay 
(Wait mode) 


| Clock } to W/RDY | Delay 
SOREN) (Ready Mode) 


Tdc (W/RW2) a a float delay 


02 |TcTxc 330 
103 | Twrxcl 100 


104 


TwTxCh TxC Width (High) 
TxC | toTxD Delay 
i (Ready mode) 


107 | TcRxC RxC cycle time 33 
108 | TwRxCl RxC Width (Low) 
09 |TwRxCh — RxC Width (High) 


110 | TsRxD (Rxc) RxD to RxC 7 Setup time 
(x1 mode) 

hRxD (Rxc) RxC 7 to RxD Hold time 100 

(x1 mode) 
RxC 7 to W/RDY | Delay 
DT 

112 | TdRxc (WIRRF) (eeccv node) 
RxC 7 to SYNC | Delay 

113 |TdRxC (SYN 

ode ei (Output mode) 
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(2/2) 

lex ee 6 TMPZ84C013AF-8 
SYMBOL PARAMETER ba oe BMH 2) UNIT 
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SYNC f to RxC | Setup 
R = a 

415 |IsTxc TxC Setup to TL f for 5*T 1 9*T1 | 5411 9x11 

detection of interrupt + T48 +748 | +T48 +748 

RxC Setup to TL f for 10*T1 13*T1 |10%11 3411 

IsR 


030489 











4.3.5 AC Chracteristics of WDT (in Active State) 
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Notel : Timing Measurements are made at the following voltage. 
Input VIH=2.4V, VIL=0.4V, VIHC=VCC-0.6V, VILC=0.6V 
Output VOH=2.2V, VOL=0.8V, (Except CLK OUT) 
CL=100pF 
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44 ACTIMING CHARTS (1) (IN ACTIVE STATE) 
4.4.1 AC Timing Charts of CPU (in Active State) 


Figure 4.4.1 through 4.4.8 show the basic timing charts. The circled numbers in these 
charts correspond to the numbers in the number column of the AC Electrical 
Characteristics Tables. 
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Figure 4.4.1 Opcode Fetch Cycle 
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Figure 4.4.2 Memory Read/Write Cycle 
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Note: 1-waitstate (TW*) is inserted automatically by MPU. 
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Figure 4.4.3 1/O Cycle 
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Figure 4.4.4 Interrupt Request/Acknowledge Cycle 


MPUZ80-544 


TOSHIBA TMPZ84C013A 


= 


Last M cycle 


TL T5 


+ 
NO 
4H 
W 
+ 
aa 


; refresh address ts) 


fic 


Ofns 


'@ program counte 


> 
ros 

2 
> 
a 
ke 





| 
2) 


© b 


OL CL 
ie 
© 





yn 


| 
) 
© 
© 


oni 


RFSH 040489 


Note: NMlIis asynchronous, but its falling edge signal must occur synchronously with the 
rising edge of previous TL state for correct response to the subsequent machine cycles. 


Figure 4.4.5 Non-maskable Interrupt Request Cycle 
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Notes 040489 
1. TL: Laststate ofa given machine cycle 
2. TX: Clock used by peripheral LSI that made request. 


Figure 4.4.6 Bus Request/Acknowledge Cycle 
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M1 of halt instruction 


M1. ———>|= 











Note: INT signal is also used for releasing HALT state. 
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Figure 4.4.7 Halt Acknowledge Cycle 
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Figure 4.4.8 Reset Cycle 


4.4.2 AC Timing Charts of CGC (in Active State) 


The following Figures show the timings in each operation mode with the CLKOUT 
pin connected to the CLKIN pin. 
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Figure 4.4.9 CLKOUT Waveform 
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Figure 4.4.10 Clock Restart Timing (STOP mode) 
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Figure 4.4.11 Clock Restart Timing (IDLE1 mode) 
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Figure 4.4.12 Clock Restart Timing (IDLE2 mode) 
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Figure 4.4.13 Timing of Clock Start by RESET (IDLE1 and IDLE2 modes) 
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4.4.3 AC Timing Charts of CTC (in Active State) 


CLKIN aa Pane 
(Co es eae 


<—_—_——— 





CLK /TRGO-3 
(Counter 
mode) 


CLK /TRGO-3 
(Timer 
mode) 


ZC /T0o-3 


040489 


Figure 4.4.14 CTC Timing Diagram 
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Figure 4.4.15 CTC Interrupt Occurrence Timing 
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4.4.4 AC Timing Charts of SIO (in Active State) 
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Figure 4.4.16 (a) SIO Timing Diagram 
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Figure 4.4.16 (b) SIO Timing Diagram 
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Figure 4.4.17 SiO Interrupt Occurrence Timing 


4.4.5 AC Timing Charts of WDT (in Active State) 
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Figure 4.4.18 WDT Timing Diagram 
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4.5 AC ELECTRICAL CHARACTERISTICS (2) (IN INACTIVE STATE) 
6MHzVERSION : TA=—40°C~+85°C, VCC=5V+10%, VSS=0V 


4.5.1 AC Characteristics of CGC (in Inactive State) 
TMPZ84C013AT-6 
(6MHz) UNIT 


NO. SYMBOL 
| TYP. | MAX. 















PARAMETER 


7 
14 
rms es exo restart Time by INT Ge 
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+ 
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4.5.2 AC Characteristics of CTC (in Inactive State) 
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TMPZ84C013AT-6 
NO. SYMBOL PARAMETER (6MHz) 
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4.5.3 AC Characteristics of SIO (in Inactive State) 
(1/2) 
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TMPZ84C013AT-6 
NO. SYMBOL (6MHz) 


(2/2) 









PARAMETER UNIT 
a 
[oo [iwc —_ewatntiowm ———S~d Cw fm Pe 
[ai [rman |REwiat ign) ————*t;Ctoo | ~ | = | me 
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94 | TdRxC(W/RRf) RxC 7 to W/RDY | Delay (Ready Mode) 
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4.5.4 AC Characteristics of WDT (in Inactive State) 
TMPZ84C013AT-6 
(6MHz) 
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for frsciwora [cock t©WoTOUTT bety | — | | 168 | ms 


WDTOUT out put period 
108 | TCWDTZ 


WDT Mode 0 
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WDT Mode 1 
WDT Mode 2 
WDT Mode 3 
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Input VIH = 24V, VIL = 0.4V 
VIHC = VCC-0.6V, VILC = 0.6V 

Output VOH = 2.2V, VOL = 0.8V (Except CLKOUT) 
CL = 100PF 
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4.6 ACTIMING CHARTS (2) (IN INACTIVE STATE) 
4.6.1 AC Timing Charts of CGC (in Inactive State) 


The following Figures show the timing charts in each operation mode with the 
CLKOUT pin connected to the CLKIN pin. 
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Figure 4.6.2 Clock Restart Timing (STOP mode) 
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Figure 4.6.3 Clock Restart Timing (IDLE1 mode) 
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Figure 4.6.4 Clock Restart Timing (IDLE2 mode) 
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Figure 4.6.5 Timing of Clock Restart by RESET (IDLE1, IDLE2 mode) 
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Figure 4.6.6 Clock Suspension Timing (IDLE1, IDLE2 and STOP modes) 
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4.6.2 AC Timing Charts of CTC (in Inactive State) 
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Figure 4.6.7 CTC Timing Diagram (Inactive) 
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4.6.3 AC Timing Charts of SIO (in Inactive State) 
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Figure 4.6.8 SIO Timing Diagram (a) (Inactive) 
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Figure 4.6.8 SIO Timing Diagram (b) (Inactive) 
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4.6.4 AC Timing Charts of WDT (in Inactive State) 


(The mode setting and daisy chain interrupt setting registers on WDT) 
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Figure 4.6.9 RD/WRITE, WDTOUT Timing Diagram 
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4.7 PIN CAPACITANCE 


SYMBOL ITEM TEST CONDITION UNIT 
CCLOCK {Clock Input Capacitance F = 1MHz 
Input Capacitance All terminals except that to 


COUT Output Capacitance be measured be earthed 
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5. EXTERNAL DIMENSIONS 
QFJ84-P-S115 
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TMPZ84C015AF-6 / TMPZ84C0O15AF-8 
TLCS-Z80 MICROPROCESSOR 


1. OUTLINE AND FEATURES 


The TMPZ84CO15A is a high-performance CMOS 8-bit microprocessor incorporating 
the counter timer circuit (CTC), the serial I/O port (SIO), the parallel I/O port (PIO), the 
clock generator/controller (CGC), and the watchdog timer (WDT) around the TLCS-Z80 
MPU. This microprocessor inherits the basic architecture of the TLCS-Z80 series, 
allowing the user to utilize the software resources and development tools accumulated so 
far. | 

The TMPZ84C015A is based on the new CMOS process and housed in a standard 100 
pin mini-flat package, greatly contributing to system miniaturization and power saving. 

The TMPZ84C015A incorporates the high-performance serial I/O port, the counter 
timer circuit which can be used as the baud rate generator, and the watchdog timer 
indispensable for control applications, offering the user a wide range of system 
applications such as the communication controllers including a communication adaptor 
and the various other controllers which need miniaturization. 


Features 

e Built-in TLCS-Z80 series MPU, CTC, SIO, PIO,CGC and watchdog timer features. 
e High speed operation (6MHz and 8MHz operations) 

e Built-in clock generator (CGC: Clock Generator Controller) 


e Built-in standby capability (with the controller built in) provides 4 operation 
modes: 


Run mode (Normal operation) 
Idle-1 mode (Only clock oscillation goes on. ) 
Idle-2 mode (Wake-up by CTC enabled. ) 
Stopmode (Clock oscillation stopped; standby state) 
@ Wide operational voltagerange (5Vt10%:6MHz VERSION, 
5V+5%:8MHz VERSION) supported. 


e Wide operating temperature range (— 40°C to +85°C :6MHz VERSION, 
—10°C to + 70°C : 8MHz VERSION) 


e Low power dissipation 


Inoperation : (RUNmode) 25mATYP. at6MHz, 35mA TYP. at 8 MHz 
In idle : (IDLE-1 mode) 1.5mA TYP. at6MHz, 2mA TYP. at 8 MHz 

(IDLE-2 mode) llmA TYP. at6 MHz, 15mA TYP. at 8 MHz 
Instandby : (STOPmode) 500nA TYP. 
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note: 


Built-in TLCS-Z80 series SIO capability 


A pair of independent full duplex channels supports the asynchronous as well as 
synchronous byte-oriented (monosync and bisync) and bit-oriented HDLC and 
CCITT-X. 25 protocols. 


Built-in CRC generation and check capability. 
Data transfer rates of up to 1200 K bits/sec (6 MHz) and 1800 K bits/sec (8 MHz) 


Built-in TLCS-Z80 series CTC capability 
Four independent built-in channels. 

The timer or counter modes can be set. 

Also available as the SIO baud rate generator. 


Built-in TLCS-Z80 series PIO capability 
Two programmable independent 8-bit I/O ports having handshaking capability 
One of 4 operation modes can be selected for each port by using the program: 


Mode 0 (byte output mode) 

Mode 1 (byte input mode) 

Mode 2 (byte input/output mode) 
Mode 3 (bit mode) 


Built-in watchdog timer 

Programmed daisy-chain interrupt control 

Built-in dynamic RAM refresh controller 
TTL/CMOS compatible 

Housed compact standard 100-pin mini-flat package 


The Toshiba real time emulator (RTE80) and the Z80 ICE commercially available 
can be used (the TMPZ84C015A used as the evaluator). 


The Toshiba evaluator board installed. 


Z80 is a trade mark of Zilog Inc. 
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2. PIN ASSIGNMENT AND FUNCTIONS 
2.1 PIN ASSIGNMENTS (TOP VIEW) 


A5 Lo at CUS TRG 
A4 Lt pomemed CLK / TRG2 
A3 Co J CLK / TRG3 
A2 LW] C/T OS 
Al LW Ls 7c /TO2 
AO Co tl ZC /TO1 
RFSH [1 1 7¢/ T00 
Mi (ed Td) WDTOUT 
RESET feo dE} 
BUSREQ Dow) IED 
WAIT |__| Ld AZRE 
BUSACK Lj Pd CLKIN 
WR fee Ld CLKOUT 
ona J TMPZ84C015AF 1 EV 
bop] jp} XTAL2 
Vs§ Ds TMPZ84C015AF-6 mon OE 
MREQ Co] 1 vss 
HALT Co] J. aw 
INT CJ LT prpy 
ARDY Lo Ld STB 
ASTB -———] pp7 
PA7 PB6 
pas Co) "I pps 
PAS Co eee F-7. 
PA4 LW |__| PB3 
PA3 Low 1 PB? 
PA2 Ci} Ld) pg 
PAI Co 1 pgo 
— PAO LL ———] W/RDYB 
W/RDYA Lo I SYNCB 
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Note: TheICT pin is the test pin. Do not make anyexternal connection to this pin. 


Figure 2.1.1 Pin Assignments 
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2.2 (A) PIN FUNCTIOS 
(1/6) 


Q'ty 
(Number) 
DO-D7 Input/output | The 8-bit bi-directional data bus. 
re 89) 3-state 


AQ-A15 rae vek The 16-bit address bus. 
a ia These pins specify memory and I/O port 
(1-6) addresses. During a refresh cycle, the refresh 


address is output to the low-order 7 bits and 
A7RF. 
M1 1 Output 
(8) 3-state 
1 Output 
(14) 3-state 
WR 1 Output 
(13) 3-state 
MREQ 1 Output 
(17) 3-state 


1 Output 
(15) 3-state 
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The Machine Cycle 1 signal. 
In an operation code fetch cycle, this pin goes 
“0” with the MREQ signal. At the execution of a 
2-byte operation code, this pin goes “0” for each 
operation code fetch. In a maskable interrupt 
acknowledge cycle, this pin goes “0” with the 
TORQ signal. When the EV signal is applied, this 
pin is putin the high-impedance state. 




























The Read signal. It indicates that the MPU is 
ready for accepting data from memory or I/O 
device. The data from the addressed memory or 
I/O devices is gated by this signal onto the MPU 
data bus. When the BUSREQ signal is applied, 
this pin is putin the high-impedance state. 








The Write signal. This signal is output when the 
data to be stored in the addressed memory or I/O 
device is on the data bus. When the BUSREQ 
signal is applied, this pin is put in the high- 
impedance state. 











The Memory Request signal. When the 
execution address for memory access is on the 
address bus, this pin goes “0” . During a memory 
refresh cycle, this pin also goes “0” with RFSH 
signal. 



















The Input/Output Request signal. This pin goes 
“0” when the address for an I/O read or write 
operation is on the low-order 8 bits (AO through 
A7) of the address bus. The IORQ signal is also 
output with the M17 signal at interrupt 
acknowledge to tell an !/O device that the 
interrupt response vector can be placed on the 
data bus. Note that the interrupt priority among 
the TMPZ84C015A CTC, and SIO is selected by a 
program. 
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| 1 Output The Interrupt Enable Output signal. In the daisy 
(71) chain interrupt control, this signal controls the 
interrupt from the peripheral LS!Is connected 
XTAL1 2 Input 
XTAL2 (65) Output 
(66) 
CLKIN 1 Input 
(69) 
external clock, connect the external clock to the 
CLKIN pin. 
When a Halt instruction is executed in the Stop or 
Idle-1 mode, the CLKOUT output is retained at 


Pin 
EO 
next to the TMPZ84C015A. The IEO pin goes “1” 
CLKOUT 1 Output 
(68) 
“0”. In the Run and Idle-2 mode the clock is kept 
RESET 1 Input 
(9) 
INT 

















The crystal oscillator connection. 

Connects an oscillator having the oscillation 
frequency 2 times as high as the system clock 
(CLKOUT) frequency. 


















The Single-phase Clock Input. 
When the clock input is placed in the DC state } 
(continued “1" or “0” level), this pin stops 
operating and holds the state of that time. 

Normally, this pin is connected with the CLKOUT 
pin. However, to operate the system with the 












The Single-phase Clock Output. 
















only when the IEI pin is “1” and the MPU is not 
servicing an interrupt from the built-in 
output. This pin provides the clock to other 
peripheral ICs. 
The Reset signal input. This signal resets the 
internal states of the TMPZ84C015A. This signal 
INT 1 Input 
(19) 


peripheral LSI. 
is also used to return from the standby state in 
WAIT 1 Input 
(11) 


the Stop or Idle mode. 
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The Maskable Interrupt signal. An interrupt is 
caused by the internal CTC, SIO PIO or the 
peripheral LSI. An interrupt is acknowledged 
when the interrupt enable flip-flop (IFF) is set to 
“1” by software. 

The INT pin is normally wire-ORed and requires 
an external pullup resistor for these applications. 
This signal is also used to return from the stand- 
by state in the Stop or Idle mode. 














The Wait Request signal. This signal indicates the 
MPU that the addressed memory or I/O device is 
not ready for data transfer. As long as this signal 
is “O" , the MPU is in the Wait state. 
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|r| ante 


BUSREQ Input The Bus Request signal. The BUSREQ signal 
a forces the MPU address bus, data bus, and 
control signals MREQ, IORQ, RD, and WR to be 
placed in the high-impedance state. This signal is 
normally Wire-ORed and requires an external 
pullup resistor for these applications. 

BUSACK Output The Bus Acknowledge signal. In response to the 
my ne a BUSREQ signal, the BUSACK signal indicates to 
HALT Output 
a 3-state 


the requesting peripheral LS! that the MPU 
address bus, data bus, and control signals MREQ, 
; Ml - 
- 


IORQ, RD and WR have been put in the high- 
impedance state. 
~CLK/TRG3 
Output 
oe 77) 
IEI Input 
os 
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The Halt signal. This pin goes “0” when the MPU 
has executed a Halt instruction and is in the Halt 
state. It is put in the high-impedance state when 
the EV signal is applied. 


















The refresh signal. When the dynamic memory 
refresh address is on the low-order 8 bits of the 
address bus, this signal goes “0” . At the same 
time, the MREQ signal also goes active ("0"). This 
pin is put in the high-impedance state when the 
EV signal is applied. 















The external clock/timer trigger. These 4 
CLK/TRG pins correspond to 4 channels. In the 
counter mode, the down counter is decremented 
by 1 and in the timer mode, the timer is activated 
at each active edge (a rising or falling edge) of 
the signal which are input by these pins. It can be 
selected by program whether the active edge is a 
rising or falling edge. 













The Zero Count/Timer Out signal. In either the 
Timer mode, or counter mode, pulses are output 
from these pins when the down counter has 
reached zero. 





The Interrupt Enable Input signal. This signal is 
used with the IEO to form a priority daisy chain 
when there is more than one interrupt-driven 
peripheral LSI. 











The Non-maskable Interrupt Request signal. 

This interrupt request has a higher priority than 
the maskable interrupt and is not dependent on 
the interrupt enable flip-flop (IFF) state. This 
signal is also used to return from the stand-by 
state in the Stop or Idle mode. 
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Q'ty 
(Number) 


Input The Evaluator signal. When this signal is active, 
(67) ; 


P 

EV 
the M1, HALT, and RFSH pins are put in the high- 
impedance state. In using the TMPZ84C015A as 

1 Output 
(70) 
ASTB 1 Input 
(21) 
BSTB 


an evaluator chip, the MPU is electrically 
disconnected (put in the high-impedance state) 
after one machine cycle is executed with the EV 
1 Input 
(61) 
ARDY 1 Output 
(20) 
BRDY 1 Output 
(62) 


signal being “1“ and the BUSREQ signal being 
PAO-PA7 8 Input/Output 
(22-29) 3-state 


“0" and follows the instructions from other MPU 
MPUZ80-570 
























(such as the MPU of ICE). The signals of the 
disconnected MPU are AOO through A15, DO 
and RFSH. BUSACK needs to be disconnected by 
an externally connected circuit. The evaluator 
board is available to use the TMPZ84C015A as an 
evaluator chip. 







The 1-bit auxiliary address bus. This pin outputs 
the same signal as the bit 7 (A7) of the address 
bus. However, during a refresh cycle, this pin 
outputs the address which is the most significant 
bit of the 8-bit refresh address signal linked to 
the low-order 7 bits of the address bus. 


A7RF 






The Port A Strobe Pulse From Peripheral Device. 
This signal is used at the handshaking between 
port A and external circuits. The meaning of this 


signal depends on the mode of operation 
selected for portA. (See “PIO Basic Timing”.) 












The Port B Strobe Pulse From Peripheral Device. 
This signal is used at the handshaking between 
port B and external circuits. The meaning of this 
signal is the same as the ASTB signal except when 
port A is in the mode 2. 

(See “PIO Basic Timing”. ) 





in 





The Register A Ready signal. This signal is used at 
the handshaking between port A and external 
circuits. The meaning of this signal depends on 
the mode of operation selected for port A. — 

(See “PIO Basic Timing”.) 







The Register B Ready signal. This signal is used at 
the handshaking between port B and external 
circuits. The meaning of this signal is the same as 
the ARDY signal except when port A is in the 
mode 2. (See “PIO Basic Timing”. ) 













The Port Data A signal. 
These signals are used for data transfer between 
port A and external circuits. 
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PBO-PB7 8 Input/Output | The Port Data B signal. 
(53-60) These signals are used for data transfer between 
port B and external circuits. 
ready for a read or write data. The DMA is 


W/RDYA 2 Output The Wait/Ready signal A and the Wait/Ready 
W/RDYB (30, 52) signal B. 
These signals can be used as the Wait or Ready 
depending on SIO programming. When these 
requested to transfer data. 
SYNCA 2 Input/Output | The Synchronization signal. In the asynchronous 
SYNCB (31,51) receive mode, these signals act as the CTS and 
DCD signals. In the external sync mode, these 
signals act as inputs and in the internal sync 
mode, they act as outputs. 
RXDA 2 Input The Serial Receive Data signal. 
RXDB (32, 50) 
RXCA 2 Input The Receive Clock signal. In the asynchronous 
RXCB (33, 49) mode, the Receive Clocks may be 1, 16, 32 or 64 
times the data transfer rate. 


signals are programmed as “Wait”, they go 
TXCA 2 Input The Transmitter Clock signal. 
TXCB (34, 48) 
TRA 
B 
+ 
+ 
































they go active at “0” to determine when a 
peripheral device associated with a DMA port is 






























The serial transmit data signal. 







addressed memory or I/O devices are not ready 
for data transfer, requesting the MPU to wait. 
Clocks may be 1, 16, 32, or 64 times the data 
transfer rate. 
2 Output The Data Terminal Ready signal. These signals 
(36, 46) indicate whether the data terminal is ready to 
receive serial data or not. When it is ready, these 
signals go active to enable the transmitter of the 
terminal. When it is not ready, these signals go 
inactive to disable the transfer from the terminal. 
RTSA 2 Output 
(37, 45) 


When these signals are programmed as “Ready”, 
MPUZ80-571 







The Request to Send signal. These pins are “0” 
when transmitting serial data. That is, to 
transmit data, these signals are made active to 
enable their receivers. 


active at “0” to indicate to the MPU that the 
C In the asynchronous mode, the Transmitter 
TXDA 2 Output 
TXDB (35, 47) 
DTR 
DTR 
RTSA 
RTSB 
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| (6/6) 
Q'ty 
P F 
(Number) 

“0”, the modem having transmitted these signals 
is ready to receive serial data. When it is ready, 
these signals go active to enable the transmitter 
of the terminal. When it is not ready, these 

signals go inactive to disable the transfer from 
2 Input The Data Carrier Detect signal. When these pins 

DCDB (39, 43) : are "0" the receive of serial data can be enabled. 
That is, to transmit data, these signals are made 

active to enable their receivers. 

ICT 2 Output The test pins. To be used in the open state. 
(40, 42) 
WDTOUT 1 Output The Watchdog Timer signal. 
(73) The output pulse width depends on the 
externally connected pin. 
Vcc 2 The power supply (+5 V) pins. 
(41, 90) | 
VSS 1 The ground (0 V) pins. | 
(16, 64) 


CTSA 2 Input The Clear To Send signal. When these pins are 
CTSB (38, 44) 
the terminal. 
DCDA 
170489 










2.2 (B) TMPZ84C015A Internal I/O Address Map 


Internal /O YO Address 

















CTC 





























(Counter Timer) 
SIO 
(Serial I/O) 
A Port Data # IC 
PIO A Port Command # 1D 
B Port Data # ‘1E 
B Port Command # 1F 


(Parallel 1/0) 


Watch Dog Timer 

Gr diy inodaReaiatan WODTER, WDTPR, HALTMR # FO 
Watch Dog Timer Clear command (4Ey) # FT 
command Register — disable command (B11) 

Daisy-chaine interrupt 

precedence Register Only use bit2~bit0 # FA 
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3. OPERATIONAL DESCRIPTION 
3.1 BLOCK DIAGRAM AND OPERATIONAL OUTLINE 


3.1.1 Block Diagram 
XTAL1 — XTAL2 Mi HALT CLKOUT EV BUSREQ BUSACK 








ZC/TOg 

; 
ZC/TO3 
CLK/ TRG 


5 
CLK/TRG3 


Watchdog timer 
& 







#F registers 
#F4 M1-RESET MS1,MS2 


Do~D7 Aoo~Ars 
Figure 3.1.1 Block Diagram of TMPZ84C015A 
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3.1.2 Operational Outline 


The TMPZ84C015A largely consists of a processor (MPU), a counter/timer circuit 


(CTC), a serial input/output controller (SIO), a parallel input/output controller (PIO), a 
watchdog timer (WDT), and a clock generator/controller (CGC). 


The MPU provides all the capabilities and pins of the Toshiba TLCS-Z80 MPU 
(TMPZ84CO0A) to play the role of the TLCS-Z80 microprocessor perfectly. 


The CTC provides the capabilities of the Toshiba TLCS-Z80 CTC (TMPZ84C30A) 
and has the pins required to perform the necessary operations as a TLCS-Z80 
peripheral LSI. The four independent timer channels are I/O-addressed internally. 


The SIO provides the capabilities of the Toshiba TLCS-Z80 SIO (TMPZ84C43A) 
and has the pins required to perform the necessary operations as a TLCS-Z80 
peripheral LSI. The two independent serial channels are I/O-addressed internally. 


The PIO provides the capabilities of the Toshiba TLCS-Z80 PIO (TMPZ84C20A) 
and has the pins required to perform the necessary operations as a TLCS-Z80 
peripheral LSI. The two independent parallel ports are I/O-addressed internally. 


The WDT incorporates one-channel watchdog timer and the read/write-enabled 
watchdog timer control registers indispensable for control applications. The WDT 
also has the register to determine interrupt priorities, allowing the user to set the 
daisy-chain interrupt priorities by program. Additionally, the WDT has the IEI 
and IEO pins required to process the daisy- chain interrupts caused by the 
peripheral LSIs to be added both inside and outside the TMPZ84CO15A. 


The CGC provides the four operation modes to control the entire TMPZ84CO15A 
chip; the Run, Idle-1, Idle-2, and Stop modes. They are program-selectable. This 
chip has two clock pins: CLKOUT to supply clock from the CGC and CLKIN to get 
clock from the outside. Therefore, the TMPZ84C015A can be operated on the clock 
supplied from the outside at the CLKIN pin without using the CGC. The following 
briefly describes the four operation modes of the CGC with the CLKOUT and 
CLKIN pins connected: 


In the Run mode, the clock generated by the CGC is supplied to the 
TMPZ84CO15A and peripheral LSIs to perform the normal programmed 
microcomputer operations. 


In the Idle-1 mode, clock oscillation is going on but the clock is not supplied to the 
TMPZ84CO15A and peripheral LSI, thereby saving the system power consumption 
and shortening the time required for system restart. 
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e In the Idle-2 mode, clock oscillation is performed and the clock is output from the 
CLKOUT pin. The clock is supplied only to the CTC in the TMPZ84CO15A, 
permitting a wake-up operation by the CTC. Like the Idle-1 mode, the Idle-2 mode 





saves the system power consumption and shortens the time required for system 
restart. | 


e In the Stop mode, clock oscillation is not performed and the system operation can 
be stopped completely. In this mode, the system can be restarted with the internal 
data retained with an extremely low power consumption level unique to the CMOS | 
technology. | 


Note that these modes can be set only when the MPU has executed a HALT 
instruction. 


Additionally, the TMPZ84C015A has also the EV pin which is used with the 
BUSREQ pin to put the MPU in the high-impedance state for electrical disconnection, 
thus functioning as an evaluator chip. That is, the MPU in the TMPZ84CO15A is 
electrically disconnected by these two pins to implement the emulation by the signal 





from the in-circuit emulator (ICE). For emulation, one machine cycle is performed on 
the MPU in the TMPZ84CO015A with EV being “1” and the BUSREQ being “0” then the 
emulation is performed as instructed by the MPU. The MPU signals to be disconnected 


are A0O through A15, DO through D7, MREQ, IORQ, RD, M1, HALT, and RFSH, 
BUSACK needs to be disconnected by an externally connected circuit. 
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3.2 MPU OPERATIONS 


This subsection describes the system configuration, functions and the basic operation 
of the MPU of the TMPZ84CO15A. 


3.2.1 Block Diagram 
Figure 3.2.1 shows the block diagram of the MPU. 


Adress bus output circuit 


Accumulator (A) Accumulator (A) 


Flag (F) Flag (F) 
2 
z 
< 
ra 
2 : 
g 3 
7 
Lu ke ; 
= 2 IX register 
= oe e 
= 
S Stack pointer (SP) 
a 5 Program counter (PC) 
< E a Temporary register 
A S al Incrementer/decrementer 
ew 
r= Lu 
Y «x 
< 
Instruction O S 
decoder cm 
— 
LL 
6 Z 
UO 
(ow) ee «—— EV 
pe i : Wo | oa @ 3 ~<—— RESET 
F ontro ontro P= Se = RFSH 
| [FF 1 inside - a 





Interrupt Control bus controller 


NMI INT IOR HALT WAIT MREQ RD WR ~~ BUSREQ BUSACK 
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Figure 3.2.1 MPU Block Diagram 
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3.2.2 MPU System Configuration 


[1] 


The MPU has the configuration shown in Figure 3.2.1. The address signal is put on 
the address bus via the address buffer. The data bus is controlled for input or output by 
the data bus interface. Both the address and data buses are put in the high-impedance 
state by the BUSREQ signal input to make them available for other peripheral LSIs. 
The Opcode read from memory via the data bus is written to the instruction register. 
This Opcode is decoded by the instruction decoder. According to the result of the 
decoding, control signals are sent to the relevant devices. Receiving these control 
signals, the ALU performs various arithmetic operations. The register array 
temporarily hold the information required to perform operation. 

The following describes the MPU’s main components and functions which the user 
must understand to operate the TMPZ84CO15A: 


Internal Register Groups 
The configuration of the internal register groups is as follows: 
(1) Main registers 
A,F,B,C,D, E, H, L 
(2) Alternate registers 
A’, ’,.B’, C.D, by, 
(3) Special purpose registers 
I, R, IX, TY, SP, PC 


Figure 3.2.3 shows the configuration of the internal register groups. The register 
groups, each being of a static RAM, consists of eighteen 8-bit registers and four 16-bit 
registers. The following describes the function of each register: 


(1) Main registers (A, F, B, C, D, E, H, L) 
(a) Accumulator (A) 


The accumulator is an 8-bit register used for arithmetic and data transfer 
operations. 


(b) Flag register (F) (see Figure 3.2.2) 


The flag register is an 8-bit register to hold the result of each arithmetic 
operation. Actually, the 6 of the 8 bits are set(“1”)/reset(“O”) according to the 
condition specified by an instruction. 
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MSB LSB 
7 6 


5 4 3 2 1 0 


Figure 3.2.2 Flag Register Configuration 


(* = Undefined) 
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The following 4 bits are directly available to the programmer for setting the 
jump, call and return instruction conditions: 


MSB LSB MSB LSB 
7 07 0 


A F 


Main register 


General-purpose 
register 


Alternate register 





Interrupt vector Memory refresh 
| R 


MSB LSB 


15 QO | Special register 
Index register IX 


Index register lY 
Stack pointer SP 
Program counter PC 










General-purpose 
register 
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Figure 3.2.3 Flag Register Configuration 
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® sign flag (S) 


When the result of an operation is negative, the S flag is set to “1”. Actually, 
the content of bit 7 of accumulator is stored in this flag. 


e Zero flag (Z) 


When all bits turn out to be “0” s after operation, the Z flag is set to “1” . 
Otherwise, it is set to “0” . With a block search instruction (CPI, CPIR, CPD or 
CPDR), the Z flag is set to “1” if the source data and the accumulator data match. 
With a block I/O instruction (INI, IND, OUTI or OUTD), the Z flag is set to “1” if 
the content of the B register used as the byte counter is “0” at the end of 
comparison. 


® Parity/overflow flag (P/V) 


This flag has two functions. One is the parity flag (P) that indicates the result of 
a logical operation (AND A, Betc.). The P flag is set to “1” if the parity is even asa 
result of the operation on signed values by two’s complement. It is reset to “0” if 
the parity is odd. With a block search instruction (CPI, CPIR, CPD or CPDR) anda 
block transfer instruction (LDI or LDD), the P flag indicates the state of the byte 
counter (register pair B and C). It is set to “1” if the byte counter is not “O” and 
reset to “0” when the byte counter becomes“0” (at the end of comparison or data 
transfer). The content of the interrupt enable flip-flop (IFF) is saved to the P flag 
when the contents of the R register or I register are transferred to the accumulator. 

The other use of the P/V flag is the overflow flag (V) that indicates whether an 
overflow has occurred or not as a result of an arithmetic operation. The V flag is 





set to “1” when the value in the accumulator gets out of a range of the maximum 
value +127 and the minimum value —128 and therefore cannot be correctly 
represented as a two’s complement notation. 

Whether the P/V flag operates as the P flag or V flag is determined by the type 
of the instruction executed. 


e Carry flag (c) 


The C flag is set to “1” if a carry occurs from bit 7 of the accumulator or a borrow 
occurs as a result of an operation. 

The following two flags are not available to the programmer for the test and set 
(“1)/reset (“0”) purposes. They are internally used by the MPU for BCD arithmetic 
operations. 


e Half carry flag (H) 


The H flag is used for holding the carry or borrow from the low-order 4 bits of a 
BCD operation result. When a DAA instruction (decimal adjust) is executed, the 
MPU automatically uses the H flag to adjust the result of a decimal addition or 
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(c) 


(2) 


(3) 


subtraction. 


Add/subtract flag (N) 


In BCD operation, algorithm is different between addition and subtraction. The 
N flag indicates whether the executed operation is addition or subtraction. 

For change of the flag state depending on the instruction, see 3.2.4 
“TMPZ84C015A Instruction Set”. 


General-purpose registers (B, C, D, E, H, L) 


General-purpose registers consist of 8 bits each. They are used as 16-bit register 
pairs (BC, DE, HL) as well as independent 8-bit registers to supplement the 
accumulator. The B register and the register pair BC are used as counters when a 
block I/O, block transfer, or search instruction is executed. The register pair HL 
has various memory addressing features as compared with the register pairs BC 
and DE. 


Alternate registers (A‘, F’, B’, C’, D’, E’, H’, L’) 


The configuration of the alternate register is exactly the same as that of the 
main registers. There is no instruction that handles the alternate registers 
directly. The data in the alternate registers are processed by moving them into the 
main registers by means of exchange instructions as shown below: 


EX AF,AF’ (AcA’, FoF’) 
EXX (BeB’,CeC, DoD, Kekh’, HoH, LoL’) 


When a hign-speed interrupt response has been requested within the system, 
these instruction can be used to quickly move the contents of the accumulator, flag 
registers, and general-purpose registers into the corresponding registers. This 
eliminates the need for transferring the register contents to/from the external 
stack during execution of the interrupt handling routine, thereby shortening the 
interrupt servicing time greatly. 


Special purpose registers (I, R, IX, lY, SP, PC) 
Interrupt page address register (1) 


The TMPZ84C015A provides two kinds of interrupts: maskable interrupt (INT) 
and non-maskable interrupt (NMI). The maskable interrupt provides three modes 
(0, 1, and 2) in which the interrupt is handled. These modes can be selected by 
instructions IMO, IMI, and IM2 respectively. In Mode 2, any memory location can 
be called indirectly depending on the interrupt. For this purpose, the I register 
stores the high-order 8 bits of the indirect address. The low-order 8 bits are 
supplied from the interrupting peripheral LSI. This scheme permits calling the 
interrupt handling routine from any memory location in an extremely short access 
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(b) 


(c) 


(d) 


time. For the details of interrupts, see [4] “Interrupt Capability”. 
Memory refresh register (R) 


The R register is used as the memory refresh counter when the dynamic RAM is 
used for memory. This permits using of the dynamic memory in the same manner 
as the static memory. This 8-bit register is automatically incremented for each 
instruction fetch. While the MPU decodes and executes the fetched instruction, 
the contents of the R register are synchronized with the refresh signal to place the 
low-order 7 bits and A7RF on the address bus. This operation is all performed by 
the MPU and, therefore, dose not need a special processing by program. The MPU 
operation is not delayed by this operation. During refresh, the contents of the I 
register are placed on the high-order 8 bits of the address bus. 


Index registers (IX, lY) 


The two independent index registers [X and IY hold the 16-bit base address 
when used in the index addressing mode. In this addressing mode, the memory 
address obtained by adding the contents of an index register to the displacement 
value (for example, LD IX+40H) is specified. This mode is convenient for using 
data tables. Also these registers can be used separately for memory addressing 
and data retaining registers. 


Stack pointer (SP) 


The stack pointer is a 16-bit register to provide the start address information in 
the stack area in the external RAM. The content of the stack pointer is 
decremented at the execution of a CALL instruction or PUSH instruction or 
interrupt handling and is incremented at the execution of a RET instruction or 
POP instruction. At the execution of a CALL instruction or interrupt handling, 
the current content of the program counter is saved into the stack. At the 
execution of a RET instruction, the content is restored from the stack to the 
program counter. These operations are all performed by the MPU automatically. 
However, the other registers are not saved or restored automatically. For the 
storing of the contents of these registers, an exchange instruction (EX or EXX) for 
alternate register, a PUSH or a POP instruction must be used. When a PUSH 
instruction is executed, the contents of the specified register are saved into the 
stack. When a POP instruction is executed, the contents of the stack are moved to 
the specified register. 

These data are restored on a last-in, first-out basis. Use of the stack permits 
processing of multiple-level interrupts, deep subroutine nestings, and various data 
manipulation very easily. The stack pointer is not initialized in the hardware 
approach. Therefore, it is required to allocate the stack area in RAM to specify 
initialization (at the highest address of the stack area) in the initial program. 
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[2] 


(e) 


(ex) 
MEMORY The contents of the SP 
MEMORY ADDRESS ADDRESS before the instruction 
(HEX) INSTRUCTION is accepted 
_ c (HEX) 
LOWER: 2 S 1230 CALL 1500H FFF1 
: - Vv : : 
FFEB o = : 
“a O : : 
| Eee ke a 1500 PUSH AF FFEF ; A=05, F=23 
Prep Q S 1501 PUSH BC FFED ; B=B2, C=CO 
FFEE © _ 
FFEF v 
FFFO 
1600 POP BC FFEB 
BGMER | 1601 POP AF FFED 





1602 RET FFEF 


The foregoing example shows the stack pointer and stack operations in which 
the instructions starting with the CALL at address 1230H and ending with the 
RET at address 1602H have been executed. However, it is assumed that there is no 
instruction or interrupt other than shown above that uses the stack during the 
execution. When the value of the stack pointer before executing the CALL 
instruction at address 1230H indicates address FF F1H, address 1233H is stored at 
addresses FFFOH and FFEFH because the CALL instruction consists of 3 bytes, 
then the stack pointer is decremented. Similarly, the data are saved or restored 
sequentially according to the instructions. These stack and stack pointer 
operations are all performed automatically. 


Program counter (PC) 


The program counter holds, in 16 bits, the memory address of the instruction to 
be executed next. The MPU fetches the instruction from the memory location 
indicated by the program counter. When the content of the program counter is put 
on the address bus, the program counter is incremented automatically. However, it 
is not incremented with a jump instruction, a call instruction, or interrupt 
processing. Instead, the specified new address is set on it. With a return 
instruction, the content restored from the stack is set on the program counter. 
These operations are all performed automatically and therefore, no care is 
required for programming. | 


Halt Capability 


When a HALT instruction has been executed, the MPU is put in the halt state. The 


halt capability can be used to halt the MPU against the external interrupts, thereby 


reducing the power dissipation. In the halt state the states of MPU’s internal registers 


are retained. The halt state is cleared by reset or when an interrupt is accepted. 
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For the details of halt operation, see [3] “Basic Timing.” 
(1) Halt operation 


When a HALT instruction has been executed, the MPU sets the HALT signal to 
“QO” to indicate that the MPU is going to be put in the halt state. Actually, the 
MPU in the halt state automatically continues executing NOP instructions if there 
is the system clock input. However, the program counter is not incremented. This 
keeps the refresh signal generated when the dynamic memory is used. During 
halt, the MPU’s internal states are retained. The TMPZ84CO015A contains the 
clock generator/controller, easily implementing the clock input control for these 
halt operations. 


(2) Releasing the halt state 


The halt state is cleared by accepting an interrupt (the INT or NMI signal 
input) or by reset (the RESET signal input). When an interrupt is accepted, the 
halt state is cleared and the interrupt handling routine is executed. However, a 
maskable interrupt (INT) cannot be accepted unless the interrupt enable flip-flop 
(IF F) is set. 

Note that when the halt state is cleared by the RESET signal, the MPU is reset 
and the program counter is set to “0”. 





[3] RESET Signal 


Holding the RESET pin at the low level (“0”) under the following conditions, the 
MPU?’s internal states are reset: 


(1) Thesupply voltage level is within the operational voltage range. | 
(2) System clock stabilization. 


(3) Holding the RESET signal at the low level (“0”) for at least 3 full clock cycles. 
When the RESET signal goes high (“1”) , the MPU starts executing instructions from 
address 0000H after at least 2T state dummy cycles. 


When reset, the MPU performs the following processing: 
(1) Program counter 

OO00H is set. 
(2) Interrupt 


The interrupt enable flip-flop (IFF) is reset to “0” to disable the maskable 
interrupt. For the maskable interrupt processing, mode 0 is specified. 
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(3) Control output 


All control outputs are made inactive (“1”) . Therefore, the halt state is 
also cleared. 


(4) Interrupt page address register (I register) 
The content of the R register becomes 00H. 
(5) Refresh register (R register) 
The content of the R register becomes 00H. 


The contents of the registers other than above and the external memory do not 
change. 
Therefore, they must be initialized as required. 


Interrupt Capability 


The interrupt capability is used to suspend the execution of the current program and 
execute the processing of the requested peripheral LSI. Normally, this interrupt 
processing routine contains the data exchange and transfer of status and control 
information between the MPU and the peripheral LSI. When this routine has been 
completed, the MPU returns to the state active before the interrupt has been accepted. 

The TMPZ84CO15A provides the non-maskable interrupt (NMI) and maskable 
interrupt (INT) capabilities which are detected by the NMI and INT interrupt request 
signals, respectively. A non-maskable interrupt, when caused by a peripheral LSI, is 
accepted unconditionally. This interrupt is used to support critical functions such as the 
protection of the system from unpredictable happening including power failure. A 
maskable interrupt can be enabled or disabled by program. For example, if the timer is 
used and, therefore, an interrupt is not desired, the system can be programmed to 
disable the interrupt. Table 3.2.1 lists the processing by interrupt source. 


(1) Interrupt enable/disable 


A non-maskable interrupt cannot be disabled by program, while a maskable 
interrupt can be enabled or disabled by program. The MPU has the interrupt 
enable flip-flop JFF). A maskable interrupt can be enabled or disabled by setting 
this flip-flop to “1” (set) or “O” (rest) through an EI instruction (enable) or a DI 
instruction (disable) in program. Actually, the IFF consists of two flip-flops IFF1 
and IFF2. IFF1 is used to select between the enable and disable of a maskable 
interrupt. IFI2 holds the state of IFF1 before a maskable interrupt has been 
accepted. Both IFF1 and IFF2 are reset to “0” when any of the following conditions 
occurs, disabling an interrupt: 
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@ MPU reset 
e Execution of DI instruction 
@e Acceptance of maskable interrupt 


Both IFF1 and IFF2 are set to “1” when the the following condition occurs, 
enabling an interrupt: 


e Execution of EI instruction 


Actually, the waiting maskable interrupt request is accepted after the 
execution of the instruction that following the EI instruction. 
This delay by one instruction is caused by accepting an interrupt after completion 
of the execution of a return instruction if the instruction following the EI 
instruction is a return instruction. 
In the above operation, the contents of IFF1 and IFF2 are the same. 


Table 3.2.1 cee by Interrupt Source 


Interrupt 
Ponty Programmed condition Vector addres return 
instruction 
Non-maskable interrupt None Address 66H RETN 
(the falling edge of NMI) 


Instruction from 
2 (FF ="1 ModeO_ | peripheral LSI. (Note) 

Normally, CALL or RST RETI 
instruction. 
The address indicated by 
the data table (memory) 

Mode2_ | atthe address specified 
by | register (high-order 
8 bits) and data from 
peripheral LS! (low- 
order 8 bits, LSB = “0"). 


Note: Mode 0 applies when the instruction from peripheral LSI is CALL or RST instruction. 











F—interruptsource Source 





Maskable interrupt (INT 


becomes “0” at 






instruction's last clock) 
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Parity flag 


(LD A, lor LD A, R) 





(Determination of | 
actual INT enable 
’ /disable) . 


(foar holding IFF1) 


Executed instruction 
0 0 : MPU reset 

Di instruction 

INT acceptance 


1 1 : El instruction 
RETN instruction 
when IFF2 = 1. 
0 state of IFF1 : NMI acceptance 
before NMI 
acceptance 
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Figure 3.2.4 Interrupt Enable Flip-Flop (IFF) 


When a non-maskable interrupt has been accepted, IFF1 is reset to “0” 
(interrupt disable) until an EI or RETN instruction is executed, so as to prevent 
from accepting the next interrupt. For this purpose, the state (interrupt 
enable/disable) of IFF1 immediately before non-maskable interrupt acceptance 
must be stored. This state is copied into IFF2 upon acceptance of a non-maskable 
interrupt. The content of IFF2 is copied into the parity flag at the execution of the 
following instructions, so that the copied data can be tested or stored: 


e The load instruction (LD A, I) to load the contents of the I register into the 
accumulator. 


@ The load instruction (LD A, I) to load the contents of the R register into the 
accumulator. 


When the return instruction (RETN) from the non-maskable interrupt is 
executed, the contents of the current IFF2 are copied back to IFF1. If an operation 
which changes the contents of IFF2 (due to the execution of EI or DI instruction, 
for example) has not been performed during interrupt handling, IFF1 
automatically returns to the state immediately before the interrupt acceptance. 
Table 3.2.1 lists the states of IFF1 and IFF2 after execution of interrupt-related 
instructions. 
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(2) 


(a) 


Operation sequence 


M 
E| 


NMI acceptance 
LD A, | 

RETN 

LD A,R 

INT acceptance 
RET] 


El 


NMI acceptance 


DI 


RETN 


Table 3.2.2 State of IFF1 and IFF2 
















o>) 


PU reset 





Parity flag<IFF2 
[FF 1<-IFF2 
Parity flag<-IFF2 


+oodo- tO * =| +O => OO 
* Om —s * O + = + oS = 
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Note: * =no change. 


Interrupt processing 


With a non-maskable interrupt, the internal NMI flip-flop is set to “1” on the 
falling edge of the interrupt signal, NMI. The state of this flip-flop is sampled on 
the rising edge of the last clock of each instruction to accept an interrupt. A 
maskable interrupt is accepted if the interrupt signal INT is low (“0”) on the rising 
edge of the last clock of each instruction and the interrupt enable state (IFF=1 and 
BUSREQ signal=inactive (“1”) ) is on. The following is the processing to be 
performed after a non-maskable interrupt and a maskable interrupt are accepted: 


Non-maskable interrupt (NMI) 


When a non-maskable interrupt has been accepted, the MPU performs the 
following processing: 


The internal NMI flip-flop is reset to “O”. 
IFF1 is reset to “0”, disabling the maskable interrupt. 


The contents of the IFF1 immediately before the interrupt acceptance are copied 
into the IF F2 


The contents of the current program counter are saved into the stack. 


The instructions starting from non-maskable interrupt vector address 66H are 
executed. 


The non-maskable interrupt processing program terminates after executing the RETN 


instruction. This return instruction performs the following: 


1 


The contents of the current IF F2 are copied into IFF1. 
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2 The contents of the program counter are restored from the stack. 


Acceptance of non-maskable interrupt (NMI) 


Execution of ordinary program 


Service routine 
Address 0066H Execution of RETN instruction 
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Figure 3.2.5 Non-Maskable Interrupt Processing 
(b) Maskable interrupt (INT) 


When a maskable interrupt has been accepted, the MPU performs the following 


processings: 
1 Both IFF1 and IFF2 are reset to “0”, disabling the maskable interrupts. 
2 The contents of the current program counter are saved into the stack. 


3 A maskable interrupt is serviced in one of the three modes 0,1 and 2. A mode is 
selected by executing the instruction IMO, IM1 or IM2 before the interrupt is serviced. 
The instructions are executed starting from the vector address corresponding to the 
selected mode. 


e Mode 0 


In mode 0, the interrupting peripheral LSI puts a restart instruction (RST) or a 
call instruction (CALL) on the data bus and the MPU executes the interrupt 
service routine according to that instruction. At reset, this mode is automatically 
set. 


Acceptance of interrupt in mode 0 


Execution of ordinary program 
Service routine 


Address specified by CALL or Execution of RETI instruction RST from peripheral LSI. 
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Figure 3.2.6 Interrupt Processing in Mode 0 
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e Mode 1 


When an interrupt is accepted in mode 1, restart is performed from address 
0038H. Therefore, the service routine for this interrupt is programmed from the 
address 0038H . 


Interrupt in mode 1 


Execution of ordinary program 








Service routine 
Address 0038H Execution of RETI instruction 
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Figure 3.2.7 Interrupt Processing in Mode 1 
e Mode 2 


The interrupt processing in mode 2 requires a 16-bit pointer consisting of the 
high-order 8 bits of the I register and the low-order 8 bits (with the LSB=”0”) of 
the data fetched from the interrupting CTC or TLCS-Z80 family peripheral LSI. 
Therefore, the necessary value must be loaded in the I register beforehand. This 
pointer is used to specify the memory address in the table. The contents of the 
specified address and the next address provide the start address of the service 





routine. Therefore, use of this mode requires the table of the service routine’s start 
address (16 bits) to be set at appropriate location under software control. This 
location can be anywhere in memory. The LSB of the table pointer is set to “0” 
because a 2-byte data is needed to specify the service routine start address in 16 
bits and start that address from an even-number address. In the table, the start 
that address begins with the low-order byte followed by the high-order byte as 
shown in Figure 3.2.8. 
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Interrupt in mode 2 


Execution of ordinary program 


Execution of 
RETI instruction 











Table 





cee ec 
| 


| register CTC or TLCS-Z80 family 
peripheral LS! 
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Figure 3.2.8 Interrupt Processing in Mode 2 


Mode 2 is used in the daisy chain interrupt processing using the CTC and TLCS- 
Z80 family LSI. The CTC and TLCS-Z80 family peripheral LSIs all contain the 
interrupt priority controller in daisy chain structure. In this interrupt structure, the 
interrupt request signals are connected one after another and given priorities for 
processing when two or more maskable interrupt requests occur at a time. Only the 
interrupt vector from the peripheral LSI having the highest priority is put on the data 
bus. By receiving the interrupt vector in mode 2, the processing for that peripheral 
LSI can be performed. When an interrupt requested by a peripheral LSI having a 
priority higher than that of the current peripheral LSI during the execution of the 
interrupt processing routine, the higher priority interrupt can be enable by the EI 
instruction to form a interrupt nesting. | 

The maskable interrupt processing program terminates by executing an RETI 
instruction. This return instruction performs the following processings: 


@ Restores the content of the program counter from the stack. 


® Notifies the requesting peripheral LSI of the termination of interrupt processing. 
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3.2.3 MPU Status Transition Diagram and Basic Timing 





The following describes the MPU status transition and the basic timing of each MPU 
operation. 


[1] Instruction Cycle 


Each TMPZ84CO15A instruction is executed by combining the basic operations of 
memory read/write, input/output, bus request/acknowledge, and interrupt. These basic 
operations are performed synchronizing with the system clock (the CLK signal). 

One clock period is called a state (T). The smallest unit of each basic operation is 
called a machine cycle (M). Each instruction consists of 1 to 6 machine cycles and each 
machine cycle consists of 3 to 6 clock states basically. However, the number of clock 
states in a machine cycle can be increased by the WAIT signal described later on. Figure 
3.2.9 shows an example of the basic timing of a 3-machine-cycle instruction. 

The first machine cycle (M1) of each instruction is the cycle in which the Opcode of — 
the instruction to be executed next is read (this is called the Opcode fetch cycle). The 
Opcode fetch cycle basically consists of 4 to 6 clock states. In the machine cycle that 
follows the Opcode fetch cycle, data is transferred between the MPU and the memory or 
peripheral LSIs. This operation basically consists of 3 to 5 clock states. 











T cycle 


CLK 
11 T2 ro T4 71 T2 T3 


Maachine cycle 
rr od 


My Mo M3 
(Opcode fetch) (Memory read) (Memory write) 





Cycle instruction 
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Figure 3.2.9 Example of MPU Basic Timing (3-Machine-Cycle Instruction) 
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[2] Status Transition Diagram 
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Figure 3.2.10 Status Transition Diagram 
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[3] Basic Timing 





(1) Opcode fetch cycle (M1) 


In the Opcode fetch cycle, MPU fetches an Opcode in the machine-language 
codes in memory. This is also called the M1 cycle because it is the first machine 
cycle to execute each instruction. 

Figure 3.2.12 shows the basic timing of a basic Opcode fetch cycle. | 

In clock state T1, the content of the program counter is put on the address bus. | 
The M1 signal goes “0”, indicating to the MPU that this is the Opcode fetch cycle. 
At the same time, MREQ and RD signals go “0”. When the MREQ signal goes “0”, 
the address signal has already been stabilized. Therefore, this signal can be used 
for the memory chip enable signal. The RD signal indicates that the MPU is ready 
to accept the data from memory. By these signals, the MPU accesses memory to 
fetch the Opcode in the instruction register. The MPU samples the WAIT signal 
on the falling edge of clock state T2. If the WAIT signal is “0” on the falling edge 
of clock state T2 and the following wait state (TW), the next state becomes clock 
state TW. Figure 3.2.13 shows the delay state of the Opcode fetch cycle caused by 
the WAIT signal. 

The data (Opcode) on the data bus is fetched on the rising edge of clock state T3 
then, the MREQ, RD, and M1 signals go “1”. In clock state T3, a memory refresh 
address is put on the 8 bits consisting of the low-order 7 bits of the address bus and 
the A7RF corresponding to bit 8 and the RFSH signal goes “0” and the MREQ 
signal goes “O” again. This signal indicates that the memory refresh cycle is on. 
At this time, the contents of the I register are put on the high-order 8 bits of the 
address bus and the 7 bits of the R register contents and the A7RF signal 
corresponding to bit 8 are put on the low-order 8 bits of the address bus. By using 
the RFSH and MREQ signals, memory refresh is performed in clock state T3 and 
T4. However, the RD signal remains “1” because the contents of the memory 

















refresh address are not put on the data bus. 

The address bus of 8 bits consisting of the address low-order 7 bits of address (A6 
through AQ) and the A7RF are used as the 8-bit refresh address. That is, when 
A7TRF is used for the refresh address, signals “OOH” through “FFH” are output. In 
cycles other than the refresh cycle, the signal equivalent to A7RF are output. 
However, at reset, the signals to be output are uncertain. Figure 3.2.11 shows the 
refresh timing. 
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Figure 3.2.11 Refrish Timing 


In clock state T4, the MREQ signal returns to “1”. The refresh address is kept 
output until the rising edge of the clock state T1 in the next machine cycle, keeping 
the RFSH signal set to “0”. The cycle delay state caused by setting the WAIT signal 
to “0” is the same in the memory read/write, input/output, and maskable interrupt 
acknowledge cycles. The diagram of the cycle delay state caused by the WAIT signal 
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Figure 3.2.12 Opcode Fetch Timing 
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Figure 3.2.13 Opcode Fetch Timing Including Wait State 
(2) Memory read/write operations 


Figure 3.2.14 shows the basic timing of memory read/write operations (except 
for the Opcode fetch cycle) in the same diagram for convenience. 

In each operation, the memory address signal to read/write data on the address 
bus is output in clock state T1. The operation in which the WAIT signal is sampled 
in clock state T2 and the following TW state is the same as the Opcode fetch cycle. 

In memory read, memory data is put on the data bus by the address MREQ, and 
RD signals. The MPU reads this data. 

In memory write, the memory address signal is put on the address bus then the 
MREQ signal is set to “0” to put the write data onto the data bus. When the data 
bus has been stabilized the WR signal is output in clock state T2. The WR signal 
can be used as the memory write signal. 
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Figure 3.2.14 Memory Read/Write Cycle Timing 
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Input/output operations 


Figure 3.2.15 shows the basic timing of input/output operations. The feature of 
the I/O operation timing is that, regardless of the state of the WAIT signal in clock 
state T2, the I/O cycle automatically goes in the wait state (TW*) after clock T2. 
The WAIT signal is sampled on the falling edge of TW*. If the WAIT signal is “0” 
on the falling edges of TW* and the following clock state, the I/O operation enters 
into clock state TW*. Clock state TW* is inserted because the IORQ signal goes 
“0” in clock state T2, so that it is too late to sample the WAIT signal after decoding 
the I/O port address. In each of input and output operations, the I/O port address is 
put on the low-order 8 bits of the address bus in clock state T1. On the high-order 8 
bits, the contents of the accumulator or B register are output. In clock state T2, the 
IORQ signal goes “0” instead of the MREQ signal. The IORQ signal can be used as 
the chip enable signal for a peripheral LSI. 





In an input operation, the contents of the input port are read onto the data bus 
by the address, [ORQ, or RD signals. The MPU reads this data. 

In an output operation, the output port address and the output data are 
respectively put on the address bus and data bus in clock state Tl, then the IORQ 
and WR signals go “0” in clock state T2. The WR signal can be used as the output 
port write signal. 
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Figure 3.2.15 I/O Operating Timing 
Bus request and bus acknowledge operations 


Figure 3.2.16 shows the basic timing of bus request and bus acknowledge 
operations. 

The address bus (AO through A15), data bus (DO through D7), MREQ, IORQ, 
RD, and WR signals controlled by the MPU can be put in the high-impedance state 
(floating) to electrically disconnect them from the MPU. This operation, after 
sampling the BUSREQ signal on the rising edge of the last clock of each machine 
cycle, starts on the rising edge of the next clock if this signal is found “O”. 

Subsequently, these buses are controlled by external peripheral LSIs. For 
example, data can be directly transferred between memory and these peripheral 
LSIs. This state is cleared if the BUSREQ signal is found“1” after sampling it on 
the rising edge of each subsequent clock state (TX), and enters into the next 
machine cycle. During the floating state, the BUSACK signal goes “0” to indicate 
it to the peripheral LSIs. 

In this state, however, no memory refresh is performed and, therefore, the 
RFSH signal is set to “1”. Hence, to maintain this state for a long time with a 
system using dynamic memory, memory refresh must be performed by the 
external controller. 

Note that, in the floating state, neither maskable interrupt (INT) nor non- 
maskable interrupts (NMI) can be accepted. 
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Figure 3.2.16 Bus Request and Bus Acknowledge Timing 
Maskable interrupt acknowledge operation 


Figure 3.2.17 shows the basic timing of the maskable interrupt acknowledge. | 

The MPU samples the maskable interrupt request signal (INT) on the rising 
edge of the last clock of each instruction execution. Ifthe INT signal is found “0”, a 
maskable interrupt is accepted except in the following cases: 


e The interrupt enable flip-flop is reset to “O”. 
@ The BUSREQ signal is “0”. 


When a maskable interrupt has been accepted, a special Opcode fetch cycle is 
generated. In this cycle, 2 clock states of wait state (TW*) is automatically 
inserted after the clock state T2. The WAIT signal is sampled on the falling edges 
of the second clock state TW* and the following clock state TW and, if the WAIT 
signalis found “0”, the instruction cycle enters in the next clock state TW. In this 
Opcode fetch cycle, the IORQ signal goes “0” in the first TW* state instead of the 
MREQ signal while, in a normal Opcode fetch cycle, the MREQ signal goes “0” in 
clock state T1. This indicates to the maskable interrupt requesting LSI that the 8- 
bit interrupt vector can be put on the data bus. The MPU reads this data to 
perform interrupt processing. Therefore, the contents of the program counter put 
on the address bus are not used. Unlike an ordinary I/O operation, the RD signal 
does not go “O”. 
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In clock state T3 the memory refresh address signal is put on the address bus for 





memory refresh like normal Opcode fetch cycle and the RFSH signal goes “0”. In 
the subsequent machine cycles (M2 and M3) , the contents of the current program 
counter are saved into the stack. In machine cycles M4 and M85, the contents of the 
I register (the high-order 8 bits) and the contents of the address indicated by the 
address of the vector (the low-order 8 bits) from the CTC and the peripheral LSI are 
fetched in the program counter. 
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Figure 3.2.17 Maskable Interrupt Acknowledge Timing 
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(6) Non-maskable interrupt acknowledge operation 


Figure 3.2.18 shows the basic timing of non-maskable interrupt acknowledge. 

When the non-maskable interrupt request signal (NMI) goes low, the internal 
non-maskable flip-flop is set to “1”. The NMI signal is detected in any timing of 
each instruction. However, the internal NMI flip-flop is sampled on the rising 
edge of the last clock of each instruction. Therefore, the NMI signal should go low 
by the last clock state of an instruction. 
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The Opcode fetch cycle for non-maskable interrupt request acknowledge is 
generally the same as the ordinary Opcode fetch cycle. However, the Opcode on 
the data bus at the time is ignored. The contents of the current program counter 
are saved into the stack in the subsequent machine cycles (M2 and M8). In the 
following machine cycle, the operation jumps to address 0066H, the non-maskable 
interrupt vector address. The machine cycles after these depend on the contents of 
the fetched Opcode. 


== JlAastNiCyCe. ‘== Ss i SSS ae 
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CLK | 
a ims 
NMlinternal 7 = 
latch 
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Figure 3.2.18 Non-Maskable Inpterrupt Acknowledge Timing 
Halt operation | 


When a HALT instruction is fetched in the Opcode fetch cycle, the MPU sets the 


HALT signal to “0” synchronized with the falling edge of clock state T4 to indicate 


it to the peripheral LSI and stops operating. If the system clock is kept supplied in 
the halt state, the MPU continues executing NOP instructions. This is done to 
output refresh signals when the dynamic memory is used. The NOP instruction 
execution cycle is the same as the ordinary Opcode fetch cycle except the data on 
the data bus are ignored. 

The halt state is cleared when an interrupt is accepted or the RESET signal is 
set to “0” to reset the MPU. Figure 3.2.19 shows the halt state clear operation by 
interrupt acknowledge. An interrupt is sampled on the rising edge of the last clock 
(clock state T4) of the NOP instruction. A maskable interrupt can be accepted 
when the INT signal is “0”. A non-maskable interrupt is accepted when the 
internal NMI flip-flop which is set on the falling edge of the NMI signal is set at 
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“1”. However, it is required that the interrupt enable flip-flop is set to “1” for a 
maskable interrupt to be accepted. The interrupt processing for the accepted 
interrupt starts from the next cycle. 

However, when the supply of the system clock from the CGC has been stopped 
by the power down operation, it is required to restart the supply of the system clock 
and input the INT signal until the execution of one instruction is completed or the 
RESET signal until 3 clocks are output. Figure 3.2.20 shows the timing of clearing 
the halt state caused by power down. 

For the reset operation, see (8) “Reset operation”. Note that the INT and NMI 
signals are shown on the same diagram in Figures 3.2.19 and 3.2.20 for 
convenience. 
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Figure 3.2.19 Timing of Clearing Halt State Caused by Interrupt Acknowledge 
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Figure 3.2.20 Timing of Clearing Halt State Caused By Power Down 
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(8) Reset operation 


Figure 3.2.21 shows the basic timing of reset operation. 

To reset the MPU, the RESET signal must be kept at “O” for at least 3 clocks. 
When the RESET signal goes “1”, instruction execution starts from address 0000H 
after a dummy cycle of at least 2T clock states. 


M1 of address 0 
< Dummycyce ~<————-———— 


PRON le el of pe a aici ia 
Floating state 
Do~Dy ae ----- 


= a 
MREQ 
RD So, 
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Figure 3.2.21 Reset Timing 


To clear the power down state by using the RESET signal, the RESET signal 
must be input until 3 clocks or more are supplied by restarting the supply of the 
system clock from the CGC. 
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(9) Evaluation operation 


Each of the MPU signals (A0 through A15, DO through D7, MREQ, IORQ, RD, 
WR, HALT, M1, and RFSH) can be put in the high-impedance state by EV and 
BUSREQ signals to electrically disconnect them from the MPU. 





Each M cycle Evaluation mode state 


<< —— 


Figure 3.2.23 shows the block diagram of the TMPZ84C015A operating as an 
evaluator in the evaluation mode. 

The operations controlled by signals from the external MPU in the evaluation 
mode are the same as those of each device constituting the TMPZ84CO15A. 
(However, for the watchdog timer operations, see “WDT Operational Description” 
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Figure 3.2.22 Evaluation Timing 


because the watchdog timer is of random logic configuration.) 
For the electrical characteristics and timing of each device, see “Inactive State”. 
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Figure 3.2.23 Block Diagram of the TMPZ84C015A Functioning As Evaluator 
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3.2.4 TMPZ84C015A Instruction Set 


This subsection lists the TMPZ84C015A instruction codes and their functions. The 
table below lists the symbols and abbreviations used to describe the instruction set. The 
symbols which require special attention are described in the locations in which they 
appear. 


e Symbols (1/2) 


















Register Register B,/C,;-D, Erg lw; 
Register pair BC, DE, HL 
Stack pointer SP 
Register pair BC, DE, HL, AF 
Register pair BC, DE 
Index register IX 
Stack pointer SP 
Register pair BC, DE 
Index register lY 
Stack pointer SP 
Higher register of register pair 

(B, D, H) 






Higher 8 bits of stack pointer (SP) 
Higher register of register pair 

(B, D, H, A) 
Higher 8 bits of index register IX 
Higher 8 bits of index register lY 
Higher 8 bits of program counter (PC) 
Lower register of register pair 

(C, E, L) 
Lower 8 bits of stack pointer (SP) 
Lower register of register pair 

(GC. Bybee) 
Lower 8 bits of index register IX 

















Lower 8 bits of index register lY 






Lower 8 bits of program counter (PC) 
Bit b (0-7) of register (B, C, D, E, H, L, A) 
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e Symbols (2/2) 



























Memory 






(HL)p 






(IX+d)p 


Flag change symbol 






Operator 











Others IFF 


Transfer 


Add 


TMPZ84C015A 


Memory address represented in 16 bits. 

m indicates higher 8 bits and n, lower 8 bits. 

Bit b (0-7) of the contents of the memory 
address indicated by register pair HL. 

Bit b (0-7) of the contents of the memory 
address indicated by the value obtained by 
adding 8-bit data d to the content of index 
register IX. 

Bit b (0-7) of the contents of the memory 
address indicated by the value obtained by 
adding 8-bit data d to the content of index 
register IY. 





Reset to "0" by operation. 
Set to “1” by operation. 





No change 

Affected by operation 

Undefined 

Handled as parity flag. 
P=0: odd parity 
P=1: even parity 






Handled as overflow flag. 
V=0: No overflow 
V=1: Overflow 








Exchange 


Subtract 
Logical and between bits. 
Logical or between bits. 

Exclusive or between bits 







Interrupt enable flip-flop 
Carry flag 
Zero flag 
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TMPZ84C015A Instruction Set (1/9) 


iTEM/ Object code 
-FICA- mnemonic Binary Hex 
r,g 


01 A0+r x 8+g 


Function 


re(IX+d) 
46+rx8 
d 
FD re(1Y+d) 
46+r x8 
d 
70+r 
(IX+d),r DD (IX+d)er 
70+r 


(IY+d),r (1Y+d)er 


(HL), (HL )«n 


LOAD 





(1X+d)«n 


< 
bK 
< 
a 


T 


8 - B 


Ae(BC) 
Ac(DE) 
Ae(mn) 





(BC )+«A 
(DE)+A 
(mn)+A 


16-BiT DATA 





Note : r,g means any of the registers A, B,C, D,E,H, L. 
IFF in “Flag” column indicates that the content of the interrupt enable flip-flop is copied into the P/V flag. 120489 
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TMPZ84C015A Instruction Set (2/9) 


Object code 
Assembler 
awe? 
FD 


11 


C5+qx 10 


DD 
E5 
FD 
E5 
C1+qx 10 


DD 
E41 
FD 
E1 


Note : tis any ofthe register pairs BC, DE, HL, SP. 
q is any of the register pairs AF, BC, DE, HL. 


(PAIR), (PAIR), refer to high order and low order eight bits of the register pair respectively. (Ex) BC, =C, AF, =A. 


*1 : EXCHANGE 


Function 


He(mn+1) 
Le(mn) 


tye(mn+1) 


tLe«(mn) 


IXy«(mn+1) 
IX_«(mn) 


TYy<(mn+1) 
TY¥_«(mn) 


(mn+1)«H 
(mn)eL 
(mn+1)ety 


(mn ety 


(mn+1)©IXy 
(mn )©IXi 


(mn+1)¢1Yy 
(mn)IYy 


SPeHL 
SP+IX 


SPeLY 


(SP-2)eqz,(SP-1)¢quy, 


SP¢SP-2 


(SP-2)*IX_, (SP-1)*1Xy 


SP«SP-2 


(SP-2)*IY,, (SP-1)*1Yy 


SP«SP-2 


que(SP+1),qL*(SP), 


SPeSP+2 


IXy(SP+1),1X_«(SP) 


SPeSP+2 


I¥y*(SP+1) , 1YL (SP) 


SP«SP+2 
DE «HL 
AF e@AF’ 


BC@BC’ ,DE«DE’ ,HL@HL’ 
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TMPZ84C015A Instruction Set (3/9) 


ITEM/ Object code 
ree Assembler 
ol) “ethene Function 


6 543 

11 100 E3 Ho(SP+1),Le(SP) 

11 011 DD IXyo(SP+1) 

11 100 E3 IX_ (SP) 

111 1Yyo(SP+1) 
IY, (SP) 
(DE)+(HL),DE*DE+1 
HECHE ed BOCB Cre so /ccisickcntie| wore Na Pea ene eens ere ten ion ae Ieaties nce 
eee aa ee ee Sct suck dcsacteazaninedss ine 

HL*+HL+1,BC«BC-1 Repeat until 
BC=0 
(DE)+(HL), DE+DE-1 
HL+HL-1,BC«BC-1 
(DE)*(HL),DE*DE-1 
HL«HL-1,BC«BC~1 Repeat until 
BC=0 
A-(HL) 
HL©HL+1,BC«BC-1 
A-(HL) ,HL¢HL+1,BC+BC-1 
Repeat until A=(HL) or BC=0 
A-(HL) 


SEARCH 


BLOCK TRANSFER 
K 


BLOC 


A-(HL),HL*HL-1,BC«BC-1 
Repeat until A=(HL)or BC=0 


A, (1X+d) AtA+(IX+d) 


A, (IY+d) AtA+(IY+d) 


LOGICAL 


AcAt+r+CY 
AcA+n+CY 


AND 


A, (IX+d) AtA+(IX+d)+CY 


A,(1Y+d) AcA+(1Y¥+d )+CY 


ARITHMETIC 


AcA-r 
AcA-n 


17 


(HL) AcA-(HL) 
(IX+d) AcA-(1X+d) 


8- 8B 


(1Y+d) AtA-(IY+d) 


Note : *M_ P/V flag is 0 if the result of BC- 1 =0, otherwise P/V = 1. 
*N Zflagis 1 if A=(HL), otherwise Z =0. 
[ Jindicates the total condition of the number of cycles and states indicated by arrow. 
r means any of the registers A, B, C, D, E,H, L. 
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“[BC< >0] 
«[BC=0] 


+[BC< >0] 
+[BC=0] 


+[BC< >0 & 
A< > (HL)] 
x [BC=0 or 
A= (HL)] 


+[BC< >0 & 
A< > (HL)] 

x[BC=0 or 
A= (HL)] 


rer 
000 
001 
010 
011 
100 
101 
111 
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~TMPZ84C015A Instruction Set (4/9) 


\TEM/ Object code 

Sl fee, cay | Funct 
unction 

-FICA- mnemonic Binary Hex 


TION 76 543 210 Pel 


AcA-r-CY 
AcA-n-CY 


eer 
000 
001 
010 
011 
100 
101 
111 


A, (IX+d) AtA-(IX+d)-CY 


Prememont wWj5 





A, (IY+d) AtA-(1Y+d)-CY 


AcAAr 
AcAAn 
(HL) AcAA(HL) 
(IX+d) AcAA( IX+d) 


(1Y+d) 


AcAyn 


ACAY (HL) 
AcAV (IX+d) 


Ar Ay (IY+d) 


AcAyr 
AcAvn 


A-(HL) 
A-(IX+d) 


04+rx8 rect : : : : : : : 
seen newe eee eee Cee eee eee Cee eee eee eee Ce ee ee eee ee ee ee eee eee eee eee eee eee eee Cee yee eee eee ee ee ce eee eee eee eee ee Cee eee 


34 (HL)«(HL)+1 
DD (IX+d)«(IX+d)+1 





Note :  rmeansany of the registers A,B,C, D,E,H,L. 120489 
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TMPZ84C015A Instruction Set (5/9) 


ITEM/ Object code 
| eee nee Funct 

. i unction 
-FICA- mnemonic Binary Hex 


(1Y¥+d)«(1Y+d)+1 


rep-l 
(HL)«(HL)~1 
(1X+d)«(1IX+d)-1 


(1Y+d)«(IY+d)-1 


8 -BIT ARITHMETIC 





PrexromonN wif4 


Decimal adjust accumulator 
Ach 
AcO-A 


CY+CY ee oe : 
CYe1 ee eee ee 203 | 
NOP cccsesegeee.|. 00,900 000 ]00 RO -OPSCALION n.d scalvaudelaia fat Rhea 
Whe ctu tienen: fe a aera eta Brats harcoune ean 
IFF<O 
IFFe4 


Set interrupt mode 0 





Set interrupt mode 1 





Set interrupt mode 2 


GENELAL-PURPOSE 


09+tx 10 HL+HL+t 

ED HL©HL+t+CY 
AA+t x10 

ED HL+HL-t-CY 
A2+t x 10 

DD IX¢IX+p 
09+p x 10 

FD IY¥e«lY+s 
09+s x10 

03+t x 10 tettl 

DD IX+IX+1 

23 

FD IY+lY+1 

23 

OB+t x 10 tet-1 

DD IX¢IX-1 

2B 

FD Iy+IY~-1 





Note :  ssisany ofthe register pairs BC, DE, HL,SP. PP is any of the register pairs BC, DE, IX, SP. 
rris any of the register pairs BC, DE, IY, SP. 120489 
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TMPZ84C015A Instruction Set (6/9) 


Object code 
Assembler 
mnemonic Hex Function 


00 010 iii 


RLC r 
RLC (HL) 


RLC (IX+d) Ja! 
[cy J<{ 7 <0 | 


r, (HL), (IX+d), (IY+d) 


< 
B 
C 
D 
E 
H 
L 
A 





RLC (1Y+d) 


(HL) 


(IX+d) 


L area ol 


r,(HL),(IX+d),(1Y¥+d) 


(1Y+d) 


RRC r 


RRC (HL) 


RRC (IX+d) 


r,(HL),(IX+d), (1Y+d) 


RRC (1Y+d) 


RR r 


RR (HL) 


RR (IX+d) r, (HL), (IX+d) 





Note :  rmeansany of the registers A,B,C,D,E,H,L. 120489 
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TMPZ84C015A Instruction Set (7/9) 


ITEM/ Object code 
ool a eee Funct 

. i unction 
-FICA- mnemonic Binary Hex 


11 


FD 
11 


zi 
B 

@ 

D 

E 

Teo} 0 
r, (HL), (1Xx+d),(1Y+d) L 
A 





SRA 
SRA (HL) 


“SRA (IX+d) 


r,(HL),(IX+d), (1Y+d) 





(1Y+d) 


(HL) 


(IX+d) 


Tso] 


r, (HL), (IX+d), (IY+d) 





0 a eo: 5 
ee oye “1 
apo] Tapolmy) 2 2b biG} 
i ee eee b [bbb 
c _ ow eK a yo: =p 0 | 000 
Piles aa tec a! Ged] O1BBB Ore |) ites ead ee a Ader re | Da cjeticad aces mabe uaeide ottates hl rumal eee 1 | 001 
a CB Ry eee tae bere 2 | 010 
A q 46+bx8 Z«(HL)p 3 | 011 
“ 4 | 100 
Zee 
me oe 5 | 101 
6 {| 110 
Note : *1: Rotate digit left and right between the accmulator and location (HL). 7 |i11 
The content of the upper half of the accumulator is unaffected. 
The notation (HL), indicates bit ,, (0 to 7) within the contents of the HL register pair. 
The notation r, indicates bit, (0 to 7) within the r register. 120489 
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TMPZ84C015A Instruction Set (8/9) 


ITEM/ 
CLASSI 
-FICA- 
TION 


Assembler 


mnemonic 


BIT 


’ 1 
eee eee cee eee ees eee eee ee eee eee ee err ere eee eee ee es eee eee eee eee eee ee ee ee er pedecces Vecene 
. . 


Note: 


b,(IX+d) 


b, (HL) 


b,(IXtd) 


b,(1Y+d) 


b,r 
b, (HL) 


b, (IX+d) 


b, (IY+d) 


$t+e 
C,$+e 
NC, $+e 
Z,$+e 
NZ,$+e 
$+e 


(HL) 


Object code 


76 543 210 


11 


DD 


CB 
d 
46+bx8 


46+bx 8 
CB 
CO+bx 8+r 


C6+b x 8 
CB 
80+b x 8+r 
CB 
86+bx8 


Function 


Z«(IX+d)p 


Z-(1Y+d)p 


hel 


(HL) pel 


(IX+d)pe1 


(IY+d)pe1 


rhed 


(HL) ped 


(1X+d)p«0 


(IY+d),«0 


PCe¢mn 


(Only when condition is met) 


PC+$te 


If C=0, continue 
If C=1, PC«$+e 
if C=0, PC«$+e 
if C=1, continue 
If Z=0, continue 
If Z=1, PC«$+e 
If Z=0, PC«$+e 
If Z=1, continue 
BeB~1, If B=0, continue 


‘ ' ’ ’ ‘ 
Se ee ce i e Ce i erry beeeee 
’ ‘ . 


B+B-1, If B<>0, continue 





PCeHL 


a=e-2 inthe Opcode provides an effective address of PC + e as PC is incremented by 2 before the addition of e. 
$ indicates the reference to the location counter value of the current segment. 

The notation (HL), (IX + d), indicates bit , (0 to 7) within the contents of the register pair. 

The notation r, indicates bit, (0 to 7) within the r register. 
a=e-2 in the op-code provides effective address of PC +e as PCis incremented by 2 prior to the addition of e. 
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r>mr-emxmamooN Win 


bbb 
000 
001 
010 
011 
100 
101 
110 
111 





aS DO SP WDM FP OST 


extension in the 
relative 


complement 
number in the 
range of 
-126Se S129 











Condition 
Non-Zero 
Zero 
No-carry 
Carry 
Odd Parity 
Even Parity 
Sign Positive 


e represents the 





Sign Negative 
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TMPZ84C015A Instruction Set (9/9) 


Object code 
Assembler 
mnemonic Hex Function 


eee ee ee Ce ee eee eee Ce eee Cee eee eee ee ee eee ee eee eee Ce eee ee eee eee ee eee ee ee eee eee es er) iy 


PC«(IY) 

















PC+(1X) 


(SP-1)©PCy, (SP-2)*PCL 
PCemn 
SP+SP-2 


ee ee ee oe ee eee ee ee ee eee ee ee ee eee eee ee Ce eee eee eee Cee eee, eee Te eee eee eee ee eee eee ees eee) ee 


If condition cis met, same as 
CALL mn. 


eee ee ee ee ee eee eee eee ee ee ee ee eee. eee eee es ed cy 


If condition c is not met,continue 


Dic iteaicu ite MON: IN al cs cactemerel) ee ee ear 
Niectedheteataddacnedt acta lecentnin ae aletcaatmctemaeedlt Pe vedere tae ecg ena Mle caida cate tga als eusoe east matlhonea dl res 


if condition c is met, same as RET. 
tes thinsieat uate euesuini eae nitaibia entre Pau aeunnn Me eloat | Ifconditioncisnotmetcontinue | — 2 i Xa Mi sb. 
| Return from interrupt Processing Het Yeo tye oe el ale 
routine 


Return from non-maskable 

















j_ | kkk 
000 
001 
010 
011 
100 
101 
110 
111 





cer 
000 
001 
010 
011 
100 
101 
111 


















interrupt Processing routine 


Seynteieas veteeneenceceapeccteeearstsssncctseedecertesseceseseees Vereen eee sgbSa ped eves Vahnwcdsiiy kee tp uiesslewisee susvdusbewaweebewnes 
PCHe0, PC, +j , SP*©SP-2 
Ae(n) 
n—A0~A7 , A-A8~A15 


Jitter eee ee eee eee eee eee eee eee Cee ee eee ee eee ee eee eee eee Cee eee ee eee eee eee Cee eee ee eee eee ees Cee) See) 
Cieieaeal ies Sinaia aly heli! Cacia iia ccs Re ada oa) 


r«(C) If r=110, only the flags 
will be affected. 


es oe ee ee eee Ce ee ee ee ee et ee Ce eee ee ee ee ee es Ce) ors 


(HL)#(C), BeB-1, HL¢HL +4 









PreaeamonN wBI5 
































































(HL)«(C) ,BeB-1,HL©HL +1 «[B<>0] 
sai Sheba abe Sadahbiel een thse eee erecta Ropes e +[B=0] /*1 
(HL)«(C),B©B-1,HL©HL~1 «[B<>0] 
ee Fe a ha RRR Repea uate) ered 
agokse a 
Cee ee ee ee ay n—>A0~A7 »A>AB8~A15 
a vteadyeaighit lias mires uae ace cited Loe an cud bea ade oC ee space ceaeteteSe Metals tires menos Saito ema tele Naas 
eee ee ees Sr eee ee ee es 41+rXx8 . 
oe aaa e eu i} Sear ; RET gaa [erie ae ee ae a a aca eal aa 
eee eee es oe ee ee ee be A3 . . 
aa Ceyedity. fee a siopuded bnoecd vanuumwctnayacus seved sl gaigiaasneies camacsimebneus is BL <0] 
Looe gulstecanasinal St NO OAL B3 Repeat until B=0 a Ue 
pa | (c ae Hi) ne f 7 got ser aca dee mance ee ara ae a a 
Gittins Sere Ls sites 
eae ee ti} pee : De alae ge eee ga aaa eg Be <TBO0} 
BB Repeat until B=0 +[B=0] 
Note: © *M Ifthe result of B -1 is zero, the Z flag is set, otherwise it is reset. mat Ce ep are 
ie B—A8~A15 Non-Zero 
@ AO through A15 indicate the address bus. Zero 
® [ Jindicates the total condition of the number of cycles and states No-Carry 
indicated by arrow. Carry 
Odd Parity 
Even Parity 
Sign Positive 
Sign negative 
120489 
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TMPZ84C015A Instruction Map (1/7) 
MPU Instruction Table ( I ) 
Bees Esra Ese ERs Eee 
LD INC INC DEC LD ADD LD DEC INC DEC LD 
BC,mn | (BC),A BC B B B,n AF,AF | HC,BC | A, (BC) BC C io cn 
RLA JE 


DJNZ LD LD INC INC DEC LD 
DE,mn |} (DE),A DE D D D,N 












2 3 


i 


RRCA 


Oo 





1 


> 
S) 
o 
rT 
o 
Oo 
m 
im) 
Zz 
ra) 
s) 
m 
oO 
i 
oO 


RRA 


ee 
ae 
1s) 
m 
ad 
is) 
Aad 
Oo 
m 
m 
m 
a 
=] 


2 JR NZ, LD LD INC INC DEC LD DAA JIRZ ADD LD DEC INC DEC LD CPL 


3 JR NC, LD LD INC INC DEC LD SCF CCF 


ae Os 
i 
L? a) 
0 
> 
3 
= 
r,) 
u 
> 
> 
> 
3 


‘ 


— 

o wv @ Oo 
‘o) : 
> 
oO 
Oo 
r 
oO 
Oo 
m 
oO 
2 
a 
oO 
m 
ao 
i 
Le) 


LD LD LD LD LD LD LD LD LD LD LD LD LD LD LD 
CA 


of Zz 
> o o o oO 

oa eg 

I 

3 

3 

3 

= 

= 

= 

SE: 

fo 

Oo 

= 

= 

ca) 


ad 
ia) 
2 
0 
— 
m 
2 
x 
— 
- 
@ 
= 
os 
— 
Ad 
> 
O 
ve] 
n 
ao 
H 
Lo) 
H 
m 
GY 
po 
H 
- 
nH 
= 
£ 





oO 
c 
Oo 
i 
io) 
om 
Oo 
- 
Oo 
rc 
Oo 
rc 
oO 
c 
oO 
- 
oO 
c 
1o) 
I~ 
o 
om 
7) 
c 
0 
‘ond 
19) 
Cc 
o 


LD 
E,A 


AS 
9] 
a4 
Y 
we 
Oo 
- 
m 
= 
x= 
Go 
tT 
Ai 
= 
£ 
- 
> 
m 
wm 
a 
9 
= 
oO 
m 
m 
big 
x= 
i 
‘od 
mn 
= 
c 


1e) 
rc 
9 
m= 
0 


LD LD LD LD LD LD LD LD LD LD LD LD 


H,A L,B L,C L,D L,E L,H LL L, (HL) LA 


= 
wo 
= 
oO 
x= 
Oo 
ae 
m 
= 
x= 
S 
fond 


' 


HALT LD LD LD LD LD LD LD 


ADD ADD ADD ADD ADD ADD ADD ADD ADC ADC ADC ADC ADC ADC ADC 


} 
wo 
> 
a 
> 
Oo 
} 
m 
> 
x= 
> 
cr 
} 
= 
& 
ad 
> 
a 
ow 
= 
fa) 
> 
iv) 
> 
m 
> 
x 
> 
re 
> 
aa 
ee 
> 
PA 


SUB SUB SUB SUB SUB SUB SUB SUB SBC SBC SBC SBC SBC SBC SBC 


ra) 
w) 
m 
fa 
— 
= 
& 
> 
> 
ow 
> 
ra) 
> 
oO 
> 
m 
> 
a 
id 
TT 
> 
= 
i 
PS 
pO 


AND AND AND AND AND AND AND AND XOR XOR XOR XOR XOR XOR XOR XOR 


; 2 
ia) oO 
jes 
j8|- 


OR OR 


RET POP JP NZ, JP CALL PUSH ADD RST RET RET JP Z, ® CALL CALL ADC RST 
NZ BC mn NZ,mn BC A,n OOH C mn Z,mn mn An 08H 
JP NC, OUT CALL PUSH SUB RST RET EXX IPC, IN CALL @ 
(n),A | NC,mn DE n 10H C mn A, (n) Cc,mn 

RET POP JP PO, EX CALL PUSH AND RST RET JP JP PE, EX CALL XOR RST 
PO HL mn (SP),HL | PO, mn HL n 20H PE (HL) mn 

RET POP JP P, CALL PUSH OR RST RET LD JPM, Cy 

mn P,mn 


Note O~@: Multi-Opcode Instructions (ref. Table (II )~(VI)) 


P 
3 
fo2) 
a 


Pe be 
mn io) > ™ 
= 
— 
Zo 2 
nm ae) 
ow 
ane fad 
rw) c 
m 2 fog 
oO) 
= 
3 3 moe 
5 3 = oO 
Oo 
ey 
= 
~ Oo 
m™ 
a 
cc Or 
= 
x 
ae 
= 
fo 
a 
= 
She te. 
xr O 
ae 
coon 
= 
pasa | 
> 
> 
ow 
> 
io) 
> 
Oo 
> 
m 
> 
x 
> 
fr 
> 
oa 
ee 
Pr 
p> 9 
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TMPZ84C015A Instruction Map (2/7) 


@ Byte1“CB” 
Instruction Table ( II ) (Byte 2 of 2-byte Opcode) 


ie] 
| 
a 
a 
ie 
E 
a 
Ee 
EB 





wa 
wD 
(om) 


RLC 


2) 
a 
im) 


RRC RRC RRC 


a 
an 
(a) 


RLC RLC RLC RRC RRC 



















Lee) 
MD 
Oo 
m 
x 
- 
= 
& 
> 
wo 
XY 
x= 
rr 
= 
£ 
> 


ee) 
nor 
Fe) 
OF 
D 
OF 
yD 
ne 
2 
Ile 
az 
— 
~~ 
Ip 
fo of 
~— 
es) 
PF 
D 
wa 
zB 
OD 
je > 
ja] 
a 
ta 
mw 
~ DB 
-~-~ 
Sores) 
-—- BZ 
~—— 
eo) 
>> 


” 
C-. 
> 
ive) 
rm 
> 
ive) 
i 
> 
NM 
t raed 
> 
iva) 
i oe 
> 
Lo) 
\ om 
> 
Wr 
—- 
> 
ioe) 
D 
> 
ive) 
2) 
> 
— 
a 
> 
WW 
a 
> 
Nn 
a 
> 
" 
wa 
> 
—~ 
wa 
> 
"nn 
Dw 
bS 


SLA 


|| 
aE 
LT) 
wo Dw 
Fad 
NM 
OY DW 
= 
"N 
oO Bw 
= 
LT) 
m w 
pa 
WY 
rw 
Zz 
Lea) 
- Bw 
po 
—_- 
IS 
§.-t 
ive) 
> Dw 
2 


BIT BIT BIT BIT BIT BIT BIT BIT BIT BIT BIT BIT BIT BIT BIT BIT 
0,B 0,C 0,D 0,E 0,H 0,L 0,(HL) 0,A 1,B 1,€ 1,D 1,E 1,H 1,L 1, (HL) LA 


Nw 
wo 4 
Now 
OF 
Now 
os 
N ow 
m 4 
Nn 2 
oe 
N wo 
| cee 
» 
NV wo 
ee 
<5 
— 
N ow 
PA 
ww 
wo 
Ww 
oO a 
Yo 
ons 
Ww 
m 
Wow 
xo 
w DB 
| eo | 
Ad 
~~ wo 
a 
eT 
Ya 
pa 


BIT BIT BIT BIT BIT BIT BIT BIT BIT BIT BIT BIT BIT BIT BIT BIT 
4,B 4,C 4,D 4,E 4,H 4,L 4, (HL) 4,A 5,B 5,C 5,D 5,E 5,H 5,L 5, (HL) 5,A 
BIT BIT BIT BIT BIT BIT BIT BIT BIT BIT BIT BIT BIT BIT BIT 
6,C 6,D 6,£ 6,H 6,L 6, (HL) 6,A 7,B 7,C 7,D 7,E 7,H 7,L 7, (HL) 7,A 


RES RES RES RES RES RES RES RES RES RES RES RES RES RES RES RES 
0,8 0,C 0,D 0,E 0,H 0,L 0, (HL) 0,A 1,B 1,€ 1,D 1,£ 1,H 1,L 1, (HL) 1,A 
RES RES RES RES RES RES RES RES RES RES RES RES RES RES RES RES 
2,B 2,C 2,D 2,E 2,H 2,L 2, (HL) 2,A 3,B 3,C 3,D 3,E 3,H 3,L 3, (HL) 3,A 


RES RES RES RES RES RES RES RES RES RES RES RES RES RES RES RES 
4,C 4,D 4,E 4,H 4 4, (HL) 4,A 5,B 5,C€ 5,D 5,E 5,H 5,L 5, (HL) 5,A 


= 
wo 


RES RES RES RES RES RES RES RES RES RES RES RES RES RES RES RES 


o 
wo 
> 
io) 
a4 
oO 
> 
m 
* 
— 
Ad 
(oo 
oe 
=~ 
x= 
ira 
~~ 
S 
> 
aa 
wo 
ee 
io) 
a 
oO 
= 
m 
=~ 
xz 
ay 
rr 
a 
= 
x= 
TT 
~~ 
oa 
> 


SET SET SET SET SET SET SET SET SET SET SET SET SET SET SET SET 


2S 
ow 
2 
nD 
2 
Oo 
2 
m 
© 
x= 
= 
S 
oe 
(ag 
~ 
2 
> 
= 
wo 
oO 
_ 
Oo 
— 
m 
— 
x 
— 
pay 
-_ 
x= 
£ 
= 
> 


SET SET SET SET SET SET SET SET SET SET SET SET SET SET SET SET 
2,8 2,C 2,D 2,E 2,H 2,L 2, (HL) 2,A 3,B 3,C 3,D 3,E 


w 
x 
w 
cm 
w 
—_— 
2 
- 
Ww 
> 


m 
wn 
m 
| 


SET SET SET SET SET SET SET SET SET SET SET SET SET SET SET 
4,B 4,C 4,D 4E 4,H 4, 4, (HL) 4A 5,8 5,C 5,D 5,E 5, H 5,L 5, (HL) 5,A 


SET SET SET SET SET SET SET SET SET SET SET SET SET SET SET SET 
6,B 6,C 6,D 6,E 6,H 6,L 6, (HL) 6,A 7,B 7,C 


N 
oO 
= 
Mm 
N 
a 
™N 
is 
= 
x= 
xs 
“NI 
> 


, , ’ , 


ag 
nm io) > ~ vi b w N rare 
= 
Hn w 
wo 
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TMPZ84C015A Instruction Map (3/7) 
@Q  Byte1 “ED” 
Instruction Table (III ) (Byte 2 of 2-byte Opcode ) 





OUT RETN IMO LD IN RETI LD 
510 (C), B HL, — (mn),BC LA C, (C) ae C HL, fee BC Aen) R,A 
IN IM1 LD IN IM2 LD 
D,(C) a. HL,DE } (mn),deE A, | E, (C) Ge ea DE,(mn) A,R 
IN IN RLD 
H. © ae HL,HL | (rin),Ht L, (C) oa HL,HL | HtAmn) 
iN 
ne (mn),SP A, (C) ae Aust _ SP enn) 
Eee _ ee - ee te 
aa ~ ~ “ Pf ff ~ ae _ i Tees 
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TMPZ84C015A Instruction Map (4/7) 
@ Byte1 “DD” 





Instruction Table (IV ) ( Byte 2 of 2-byte Opcode ) 



















L Z 
H | 
| 
TOL te LLL 
1 ADD 
IX,DE 
2 
IX,mn (mn), IX IX, 1X IX,(mn) 
3 DEC 
naa (IX + d) a IX, SP 
4 
Eee 
5 LD D, 
(IX +d) 
LDH, 
(IX +d) 
7 LD 
(iX +d) oe re We ted WK) oe 
,B 
ADD 
(Ix +d) 
XOR 
(IX +d) 
Ceaa ce Os tO : 
ey a ke pt eee 
E 
= IX : 
<i Poh diet ee de 
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Note ©: Special 2 byte Opcode Instructions (ref. Table (VI)) 
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TMPZ84C015A Instruction Map (5/7) 
@® Byte1l “FD” 


Instruction Table ( V ) ( Byte 2 of 2-byte Opcode ) 











DEC 
Re (IY +d) W99) 1Y, SP 


io) B, LDC, 

ie (IY +d) 

LDH, 

(IY +d) 
PEEP EP CEE 


LDE, 
(GY +d) 


LDL, 
(IY +d) 


ae. 
Wy ed) 
Dee 
an 
sae 
rie 





XOR 
(IY +d) 


Powe 








pio 


Note ©: Special 2 byte Opcode Instructions (ref. Table (VI)) 
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TMPZ84C015A Instruction Map (6/7) | 
© Byte1“DD” | 

Byte 2 “CB” 
Instruction Table (VI) (Special case of 2-byte Opcode : Byte 3) 


































bi oe ef ee 8 we are wee lias ree ey] ee |e a 
H 
RLC RRC 
(IX +d) (IX + d) 
1 RL RR 
(IX + d) (IX +d) | 
2 SLA SRA | 
(IX +d) (IX +d) 
3 SRL 
(IX +d) 
BIT 1, | 
(IX +d) 
5 BIT 2, BIT 3, 
(IX +d) (IX +d) 
BIT 4, BIT 5, 
(IX +d) (IX +d) 
7 BIT 6, BIT 7, 
(IX +d) (IX +d) 
RESO, RES 1, 
(IX + d) (IX +d) 
RES 2, RES 3, 
(IX +d) (IX +d) 
A RES 4, RES 5, 
(IX +d) (IX +d) 
RES 6, RES 7, 
(IX +d) (IX +d) 
Cc SET O, SET 1, 
(IX +d) (IX +d) 
SET 2 SET 3, 
(IX +d) (IX +d) 
SET 4, SETS, 
(IX +d) 
P SET 7, 
(IX +d) 
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TMPZ84C015A Instruction Map (7/7) 
Byte 1 “FD” 
Byte 2 “CB” 
Instruction Table (VII) (Special case of 2-byte Opcode: Byte 3) 


Tote LT et 
= jaf ff tf ff fatal 
sia 


| _ 
: . 
| = 
| 
! . 
! i 
! = 
: cs 
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3.3 CGC OPERATIONS 


This subsection describes the system configuration, functions, and basic operations of 
the clock generator/controller (CGC). 


3.3.1 Block Diagram 
Figure 3.3.1 shows the block diagram of CGC. 


HALT MODE SETTING REGISTER = 
HALT (HALTMR : bit 4, bit 3) INT NMi M1 RESET 







CLK 


XTAL2 CONTROL CIRCUIT 


XTAL1 
——_ 


OSCILLATOR 


INTERNAL COUNTER 


170489 


Figure 3.3.1 Block Diagram 


3.3.2 CGC System Configuration 


The internal configuration of the CGC is shown in Figure 3.3.1. The waveform from 
the external oscillator oscillated by the internal oscillator and divided by the divider is 
converted into the square wave for clock. The clock is controlled by the control circuit 
and the counter to be sent to the outside the CGC. The following describes the CGC’s 
main components and their functions. 


(1) Clock Generation 
(2) Operation Modes 


MPUZ80-623 


ron aeons ee 





oe EEE 
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[1] Clock Generation 


The CGC contains an oscillation circuit. By connecting oscillator to external pins 
(XTALI1 and XTAL2), the required clock can be generated easily. The CGC provides the 
clock whose frequency is 1/2 of the osicillation frequency. Figure 3.3.2 shows an 
example of oscillator connection. 


Cs 
- - {+ 
Cin gle Cout ls 170489 : AD 170489 


Figure 3.3.2 (a) Example of Crystal Figure 3.3.2 (b) Oscillator 
Connection Equivalent Circuit 


(1) For the quartz crystal oscillator, use the MR8000-C20 (oscillation frequency 8 
MHz) or MR12000-C20 (oscillation frequency 12 MHz) manufactured by Tokyo Denpa 
Company Ltd., or the equivalent; ) 


Quartz Crystal Condition 
Holder| Frequency | Cin |Cout| Parameter (Typ.) Drive Level I"Loac 
ErOgueLNe: Type (pF) | (pF) Capacitance 
di C1 (pF) | Co (pF) | Ri (@) (oF) 


MR8000-C20 a Sa 
mRrgooo-c14._ |HC-49) = =g ; 
MR12000-c20 | ~U 


MR16000-C14 


Note: The load capacitance in the condition does not include any stray capacitance. 





190589 


(2) For the ceramic resonater, use the CSA8.00MT, CST8.00MT (oscillation frequency 
8 MHz) or CSA12.00MT, CST12.00MT (osillation frequency 12 MHz) manufactured 
by Murata MFG Co., Ltd. 





190589 
Note: The CST8.00MT and CST12.0MT need no outer capacitance. 
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[2] Operation Modes 


The CGC has the capability to control 4 operation modes; Run, Idle 1, Idle 2, and Stop. 
Any one of them can be selected through the mode setting register (#F0: bit4, bit3: 
HALTMR). These modes become valid when the MPU executes a HALT instruction. 
Fetching a HALT instruction, the MPU sets the HALT signal to “0”, indicating that it 
has been put in the halt state. After the execution of the HALT instruction, the CGC 


performs the operation in the specified mode. Table 3.3.1 shows the operations in each 
mode. 


Table 3.3.1 CGC Operation Modes 


Halt mode setting register 
(#FO:HALTMR) mice ral Description 
Only the internal oscillator operates, stopping the 
IDLE1 Mode supply of clock outside. The clock output (CLKOUT) 
isheld at “0”. 
IDE? Mode pins CLKOUT and CLKIN are connected, only the 
supply of clock (CLKOUT) to the CTC is continued. 
All internal operations are stopped. The clock 


RUN Mode The supply of clock outside is continued. 


170489 
The restart from the clock stop state in Idle 1, Idle 2 (these two modes are referred to 
as Idle mode hereafter), or Stop mode is performed by reset (RESET signal) or 


acknowledge of maskable interrupt (INT signal) or non-maskable interrupt (NMI 
signal). 
























The internal oscillator continues operating with the 
supply of clock outside (CLKOUT) continued. When 
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[3] 


Warm-up Time for Restart (from Stop mode) 


Releasing the halt state by interrupt acknowledge, the MPU begins executing 
interrupt processing. Therefore, when restarting the clock by the NMI or INT restart 
signal in the Stop mode, the oscillation must be fully stabilized before supplied outside. 
The CGC provides, by means of the internal counter, the warm-up time enough for the 
clock to stabilize frequency. The warm-up ends on the rising edge of the internal counter 
output dividing the oscillation frequency to start clock output. The warm-up time is 
equal to the time derived by dividing the frequency of the externally attached oscillator 
by 274. 

Figure 3.3.3 shows the block diagram of the internal counter. Table 3.3.2 shows the 
relationship between the oscillation frequency and the warm-up time. 

In the restart by the RESET signal, no warm-up is performed for the quick operation 
at power-on. Therefore, expand the width of the RESET signal adequately to provide the 
warm-up time. 






DIVIDER 






> 
COUNTER 
215 


CLK OUT 
(fc) 





CONTROL 


CONTROL 
CIRCUIT 
CIRCUIT 
a aa al ai awe ag a arg aaa ce 170489 


Figure 3.3.3 Block Diagram of Internal Counter 


Table 3.3.2 Warm-up Time 


ope 12MHz mens 8MHz 
214/fc 
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3.3.3 CGC Status Transition Diagram and Basic Timing 


The following describes the status transition and basic timing to be provided when 
the CGC operates. 


[1] Status Transition Diagram 


ql 
m 
”" 
m 
+ 

It 

lo) 


TERNAL 
OSCILLATOR 
OPERATION 


YE 
MODE 


Zz 
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= 
1) 


| 


YES 


CLOCK OUTPUT 


SUCCESSION YES 


Ml 


2 
O 





YES 
STOP MODE 


| 


IDLE MODE 


CLOCK OUTPUT 
STOP (CLOCK OUTP 





oO 
Wh 
fy 
= 
= 
So 
a5 
Oz 
c2p 
sn 
iva) 
46 
O3 
= 
— 


NMl=00OR 
NO NT=0 


YES 


STOP MODE 


INTERNAL 
OSCILLATOR START 


CLOCK OUTPUT 
STOP 


S) 1 
m 
< 
O 
Oo 
m 


WARMING-UP 
(214/ fc) 


CLOCK OUTPUT 
START 
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Figure 3.3.4 Status Transition Diagram 
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[2] Basic Timing 


The following describes the CGC basic timing when the CGC clock output pin 
(CLKOUT) and clock input pin (CLKIN) are connected. 


(1) Operation at execution of HALT instruction 


The following describes the basic timing in each mode to be provided when the 
MPU executes a HALT instruction. The MPU sets the HALT signal to “0” 
synchronized with the falling edge of clock state T4 of the HALT Instruction 
Opcode fetch cycle (M1). This signal indicates to the CGC that the MPU is going to 
enter into the halt state. 


(a) Run mode (#F0: bit 4=1, bit3=1: HALTMR) 


Figure 3.3.5 shows the basic timing in the Run mode. In the Run mode, the 
CGC continues supplying the clock to the outside even when the MPU is in the halt 
state. Therefore, the MPU continues executing NOPs during the halt state. The 
systems which need memory address refresh use this mode. 


M1 cycle a. So M1 cycle nee aoe M1 cycle 


T4 T1 T2 T3 T4 T1 T2 T3 
CLK 
HALT 
Wi 





HALT instruciton 
Opecode fetch cycle NOP execution <————_ NOP execution 


Figure 3.3.5 Basic Timing in Run Mode 
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(b) Idle 1 mode (#F0: bit 4=0, bit 3=0: HALTMR) , idle 2 mode (#FO: bit 4=0, bit 
3=1: HALTMR), and Stop mode (#F0: bit 4= 1, bit 3 =0) 


Figure 3.3.6 shows the basic timing in the Idle modes and Stop mode. In these 
modes, the clock output is stopped with clock state T4 being “0” by the HALT 
signal and the M1 signal which follows the HALT instruction. 


However, in the Stop mode, the CGC’s internal oscillator also stops. 
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T4 71 T2 T3 14 
CLK 


HALT instruction 
Opecode fetch cycle 


—_—_—__>|x_ NOP exection ————>|<«———_ CLK Stopped ——————> 
170489 
Figure 3.3.6 Basic Timing in Idle and Stop Modes 


(2) Clock output restart from each mode 


The clock stopped state in the Idle or Stop mode is cleared by setting any of the 
following signals to “0” (for the system restart operation, see Subsection 3.3.4) : 


8 INT (evel trigger input) 
e NMI (edge trigger input) 





@ RESET (level trigger input) 
(a) Clock output restart from Idle mode 


Figure 3.3.7 (a) shows the basic timing for the sequence of the output restart 
from the clock stopped state in the Idle 1 mode. In the restart in the Idle 1 mode, 
the clock output is restarted in a relatively short delay time because the internal 
oscillator operates even in the clock stopped state. 


CLK OUT T4 T1 T2 T3 
I 


(Clock stopped state) [ [ : | [ = | 
MPU clock 


NMI Ee 
RESET 170489 


Figure 3.3.7 (a) Basic Timing for Sequence of Restart from 
Clock stopped State (Idle 1 Mode) 
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(b) Clock output restart from Stop mode 


Figure 3.3.8 shows the basic timing for the sequence of the restart from the 
clock stopped state in the Stop mode. When restarting by setting the INT or NMI 
signal to “0”, the warm-up time is automatically created by the internal counter. 
In the restart by the RESET signal, oscillation restarts without warm-up. 


CLK OUT | | | | | | | | | | | | | 


T4 T1 T2 T3 


eee (Clock stopped state) 


INT 


NMI 


RESET L| 170489 


Figre 3.3.7 (b) Basic Timing for Sequency of Restart from 
Clock stopped State (Idle 2 Mode) 
CLK OUT 


“9” 


M1 
l Warm-up 
<— —> 
time 
INT 


Warm-up 
a —— 
time 


Zz 


ee 
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Figre 3.3.8 Basic Timing for Sequency of Restart from 
Clock stopped State (Stop Mode) 
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3.3.4 Relationship with MPU 


The following describes the relationship between the CGC and the MPU mainly in 
terms of the halt clear operation. 


[1] RESET Signal 


Figure 3.3.9 shows an example of the timing for the restart from the Stop mode on the 
TMPZ84C015A using RESET signal for both the MPU and CGC. To reset the MPU, the 
RESET signal must be set to “0” for at least 3 stable clocks. When the RESET signal 
goes “1”, the MPU releases the halt state after a dummy cycle of 2T clock states to start 
executing instructions from address 0000H. | 

To restart the clock output by the RESET signal in the Stop mode, the internal 

counter to determine the warm-up time does not operate. 
Therefore, if the MPU does not restart correctly due to the unstable clock output 
immediately after the restart of the internal oscillator, or the unstability of the crystal 
at power-on, the RESET signal must be held at “0” for a time long enough for the MPU 
to be reset securely. 








NOP Dummy Execution from 
execution cycle | address 0000H 


T4 T1 T2 T3 T4 T1 T2 T3 T4 
GN 


SS ea SSS... 


RESET = fa 


170489 








Figure 3.3.9 Example of clock Restart Timing by RESET Signal 


[2] Releasing Halt State by Interrupt Signal 


The CGC restarts the clock output from the Idle or Stop mode by the input of INT or 
NMI signal. By this clock, the MPU starts operating. However, when the CGC restarts 
the clock output, the MPU is still in the halt state executing NOPs. To clear the halt 
state, the interrupt signal must be entered into the MPU (in the case of the INT signal) 
for at least one instruction. The MPU interrupt is detected on the rising edge of the last 
clock of each instruction (NOP for the halt state). 
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(1) When using non-maskable interrupt (NMI) 


MPU’s non-maskable interrupt is edge trigger input. The MPU contains the 
flip-flop to detect an interrupt. The state of this internal NMI flip-flop is sampled 
on the rising edge of the last clock of each instruction. Therefore, when a short 
active low (“0”) pulse has been inserted before the interrupt detection timing, the 
interrupt is acknowledged. The NMI input of the TMPZ84C015A is connected to 
the NMI input of the MPU via the CGC, performing the same operations as above. 
(See Figure 3.3.11) 


(2) When using maskable interrupt (INT) 


With a maskable interrupt, the maskable interrupt enable flip-flop FF) must 
be set to “1” by program before the INT input signal is detected “0”. Even if the 
CGC accepts the INT signal to restart supply of the clock, no interrupt is 
acknowledged unless the INT signal is kept inserted until one instruction (NOP) 
has been executed. Figure 3.3.10 shows the timing for clearing the halt state by 
the interrupt signal. 
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Figure 3.3.10 Timing for Clearing Halt State by Interrupt Signal 
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[3] Connecting CGC to MPU on TMPZ84C015A 


Figure 3.3.11 shows the connection between the CGC and the MPU on the 
TMPZ84C015A 


In C out 


U CLK IN 
XTAL CLK OUT | HALT M1 







XTAL1 XTAL2 






















: a 

INT 
CTC, PIO, SIO Internal Internal 
INT CLK M1 


170489 


Figure 3.3.11 Connection Between CGC and MPU 
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3.4 CTC OPERATIONAL DESCRIPTION 


The CTC has 4 independent channels. To these channels, addresses are allocated on 
the TMPZ84C015A’s I/O map, permitting the read/write of the channels in the MPU’s 
I/O cycle. (See Figure 3.4.1) This subsection mainly describes the CTC operation to be 
performed after accessed. 


3.4.1 CTC Block Diagram 
Figure 3.4.1 shows the block diagram of the CTC. 
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Figure 3.4.1 Block Diagram of CTC 
3.4.2 CTC System Configuration 
The CTC system consists of the following 4 logic circuits: 
(1) MPU bus I/O logic areuit 
(2) Internal control logic circuit 
(3) Interrupt control logic circuit 
(4) Four independent counter/timer channel logic circuits 
[1] MPU Bus I/O Logic Circuit 
This circuit transfers data between the MPU and the CTC. 
[2] Internal Control Logic Circuit 


This circuit controls the CTC operational functions such as the CTC selecting chip 
enable, reset, and read/write circuits. 
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[3] Interrupt Control Logic Circuit 


This circuit performs the MPU interrupt related processing such as priority 
determination. The order of priority with other LSIs is determined according to the 
physical location in daisy chain connection. 


[4] Counter/Timer Channel Logic Circuit 


This circuit consists of the following 2 registers and 2 counters. 
Figure 3.4.2 shows the configuration of this circuit. 


e Time-constant register (8 bits) 
e Channel control register (8 bits) 
e Down-counter (8 bits) 


e Prescaler (8 bits) 
CHANNEL CONTROL TIME CONSTANT 
REGISTER (8 BITS) REGISTER (8 BITS) 


INTERNAL BUS 


SYSTEM CLOCK PRESCALER DOWN COUNTER ZC/TO 
———$—_—_—_ 
(8 BITS) (8 BITS) 


CLK/TRG ee 


Figure 3.4.2 Configuration of Counter/Timer Channel Logic Circuit 
(1) Time-constant register 


This register holds the time constant to be written in the down counter. When 
the CTC is initialized or the down-counter has reached zero, the time constant is 
loaded into down-counter. The time constant is set immediately after the MPU has 
written the channel control word in the channel control register. For a time 
constant, an integer from 1 to 256 can be used. 


(2) Channel control register 


This register is used to choose the channel mode or condition according to the 
channel control word sent from the MPU. 
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(3) Down-counter 


The contents.of the time-constant register are loaded into the down counter. In 
the counter mode, these contents are decremented for each edge of the external 
clock; in the timer mode, they are decremented for each prescaler clock output. 
The contents of the time-constant register are loaded at initialization or when the 
down-counter has reached zero. 

The contents of the down-counter can be read any time. Also, the system can be 
programmed so that an interrupt request is generated each time the down-counter 
has reached zero. 


(4) Prescaler 


The prescaler, used only in the timer mode, divides the system clock by 16 or 
256. The dividing number is programmed by channel control word. The output of 
the prescaler becomes the clock input to the down-counter. 


3.4.3 CTC Basic Operations 


[1] 


[2] 


Reset 


The state of the CTC is unstable after it is powered on. To initialize the CTC, the low 
level signal needs to be applied to the RESET pin. On any channel, the channel control 
word and time-constant data must be written to be started before it is started in the 
counter or timer mode. To program the system to enable interrupts, the interrupt vector 
word must be written in the interrupt controller. When these data have been written in 
the CTC, it is ready to start. 


Interrupt 


The CTC can cause an interrupt when the MPU is operating in the mode 2. The CTC 
interrupt can be programmed for each channel. Each time the channel’s down-counter 
has reached zero, the CTC outputs the interrupt request signal (INT). When the MPU 
accepts the CTC’s interrupt request, the CTC outputs the interrupt vector. Based on this 
interrupt vector, the MPU specifies the start address of the interrupt processing routine 
and calls it to start interrupt processing. 

The MPU specifies the start address of the interrupt processing routine by the 
interrupt vector output from the CTC, so that the user can change the vector value to 
call any desired address. | 

The interrupt processing is terminated when the MPU executes an RETI instruction. 
The CTC has the circuit which decodes the RETI instruction. By constantly monitoring 
the data bus the CTC can detect the termination of the interrupt processing. 
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[3] 


The order of interrupt priority with the Z80 peripheral LSIs is determined by the 
daisy chain connection. That is, the peripheral LSIs are connected one after another and 
the one physically near the MPU is given a higher priority. The priority of the Z80 
peripheral LSIs (CTC, PIO, and SIO) contained in the TMPZ84CO15A is determined by 
the contents of the interrupt priority register (#F4: bits 2 through 0). Inside the CTC, 
channel 0 is given the highest priority, followed by channels 1, 2 and 3 in this order. 

The CTC and other peripheral LSIs on the TMPZ84C015A have the signal lines IEO 
and IEI. Connect the IEO of a higher peripheral LSI to the IEI of a lower perpheral LSI. 
Connect the IEI of the highest peripheral LSI to VCC. Leave the IEO of the peripheral 
LSI unused. In this connection, the CTC interrupt is caused under the following 
conditions: 


@ When both IEI and IEO are high, no interrupt is caused. At this time, the INT 
signal is high. An interrupt can be requested in this state. 


@ When the CTC outputs the interrupt request signal (INT), the IEO of the CTC 
becomes low. When the MPU accepts the interrupt, the INT goes high again. 


e When the IKI goes low, the IEO also goes low. 
e@ =6=While the IKI is low, no interrupt can be requested. 


e When the IEI goes low while an interrupt is being serviced, the interrupt 
processing is aborted. 


Operation Modes 


The CTC operates in either the counter mode or the timer mode. Mode is selected by 
writing the channel control word. 


(1) Counter mode 


In the counter mode, the number of edge of the pulses applied to the channel’s 
CLK/TRG pin is counted. When pulses have been input, the contents of the down- 
counter are decremented synchronizing with the rising edge of the next system 
clock. The pulse’s rising edge or falling edge to be counted can be specified by the 
channel control word. 

When the contents of the down-counter has reached zero, the high level pulse is 
output from the ZC/TO pin. When the interrupt is enabled by the channel control 
word, the INT pin goes low and an interrupt is requested. When the contents of the 
down-counter has reached zero, the time constant data written in the time 
constant register is automatically loaded into the down-counter. To load a new 
time constant value into the down-counter, write the data to the time constant 
register, and it is loaded into the down-counter after the current count operation is 
terminated. 
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(2) Timer mode 


In the timer mode, the time intervals which are integral multiples of the system 
clock period. A timer interval is measured according to the system clock. The 
system clock is supplied to the prescaler which divides it by a factor of 16 or 256. 
The output of the prescaler provides the clock to decrement the down-counter by 1. 
The time constant data is automatically loaded into the down-counter each time it 
has reached zero as in the counter mode. When the contents of the down-counter 
has reached zero, the high level pulse is output from the ZC/TO pin. 

This pulse period is given by the following expression: 

tc*P*TC 

Where, te = System clock period 
P = Prescaler value (16 or 256) 
TC = Time constant data (256 for 00H) 


The user can select, by means of the channel control word, to start the timer 
automatically or to start the timer on the edge of the pulse at CLK/TRG pin. In 
case the user select the CLK/TRG pin, the user can also select the rising edge or 
falling edge of the pulse. 
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3.4.4 CTC Status Transition Diagram and Basic Timing 
[1] Transition Diagram 
Figure 3.4.3 shows the CTC status transition diagram. 
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Figure 3.4.3 (a) CTC Transition Diagram (a) 


MPUZ80-639 





TOSHIBA TMPZ84C015A 


DOWN COUNTER 
TIME CONSTANT LOAD 


DOWN COUNTER-1 
(DECREMENT) 
DOWNCOUNTER = 0? 
TIME CONSTANT LOAD Z 


Figure 3.4.3 (b) CTC Transition Diagram (b) 
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[2] Basic Timing 
(1) Write cycle 

The write cycle is used to write a channel control word, an interrupt vector, or a 
time constant. The C MPU drives the IORQ pin of the CTC low in the subsequent 
system clock cycle T2 to start the write cycle. 
It is required to make the M1 pin of the CTC high to indicate that the write cycle is 
on. 

At the start of the cycle, the channel is specified by CS1 (A1) or CSo (AO) of the 
CTC. Thus, the CTC’s internal registers are ready to accept data in system clock 
T3. Twisthe state to be automatically inserted by the MPU. 


T1 T2 TW T3 T1 


GMiNeecil ~ Wecees) eee eC 
Fars 
(Ao), (A1), (A2~7) 

[ORQ ON ee ee  CtC(<i=~=~*tS 
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Figure 3.4.4 Write Timing 
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(2) Read cycle 


The read cycle is used to read the contents of the down-counter. During clock 
cycle T2, the MPU initiates a read cycle by driving the RD and IORQ pins low. It is 
required to make the M1 pin high to indicate that the read cycle is on. At the start 
of the read cycle, the channel is specified by CS; (A,) or CSq (Ao) of the CTC. 

At the rising edge of system clock TW, the contents of the down-counter at the time 
of the rising edge of T2 are put on the data bus. TW is the wait state to be 
automatically inserted by the MPU. 


T1 T2 TW T3 T1 


Cine | ae RM he ee 
eae rae 
(Ao), (A1), (A2~7) 
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M1 $$ (High) 
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Figure 3.4.5 Read Timing 
[3] Counter mode 


In the counter mode, the down-counter is decremented synchronizing with the system 
clock, at the edge of the pulse applied from the external circuit connected to the 
CLK/TRG pin. The period of the pulse to be applied to the CLK/TRG pin must be greater 
than 2 times the system clock period. Also, it is required to insert the setup time 
between the active edge of the CLK/TRG pin signal and the rising edge of the succeeding 
system clock. When the interval between these pulses is short, the down-counter is 
decremented one system clock later. When the down-counter has reached zero, a high 
level pulse is output from the ZC/TO pin. 


CLK IN 
CLK/TRG 7 
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Figure 3.4.6 Counter Mode Timing 


MPUZ80-641 








TOSHIBA TMPZ84C015A 


[4] Timer mode 


The timer starts operating at the second rising edge of the system clock from the 
rising edge of the pulse applied from the external circuit connected to the CLK/TRG pin. 
The period of the pulse to be applied to the CLK/TRG pin must be greater than 2 times 
the system clock period. Also, it is required to insert the setup time between the active 
edge of the CLK/TRG pin signal and the rising edge of the succeeding system clock. 
When the interval between these pulses is short, the timer starts one system clock cycle 
later. 


CLK IN 


CLK/TRG 


INTERNAL 
TIMER TIMER OPERATION START 
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Figure 3.4.7 Timer Mode Timing 
[5] Interrupt acknowledge cycle 


Having received the interrupt request signal (INT) from the CTC, the MPU drives the 
CTC’s M1 pin and IORQ pin low to provide the acknowledge signal. The IORQ pin goes 
low 2.5 system clocks later than the M1 pin. To stabilize the signal lines (IEI and IEO) 
in daisy chain connection, the interrupt request cannot be changed on each channel 
while the M1 pin is low. The RD pin is held high to make distinction between the 
instruction fetch cycle and the interrupt acknowledge cycle. While the RD pin is high, 
the CTC’s interrupt control circuit determines the interrupt-requesting channel of 
highest priority. When the CTC’s IEI is high and the M1 pin and IORQ pin go low, the 
interrupt vector is output from the interrupt requesting channel of highest priority. At 
this time, 2 system clock cycles are automatically inserted by the MPU as a wait state to 
maintain the stabilization of the daisy chain connection. 
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Figure 3.4.8 Interrupt Acknowledge Timing 
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[6] 


Return from interrupt processing 


Return from the interrupt processing is performed when the MPU executes the RETI 
instruction. This RETI instruction must be used at the end of the interrupt processing 
routine. When this instruction is executed by the MPU, the CTC’s IEI and IEO return to 
the state active before the interrupt has been serviced. 

The RETI instruction is a 2-byte instruction. Its code is EDH 4DH. The CTC decodes 
this instruction to check if there is the next interrupt request channel. 

In the daisy chain structure, the interrupting LSI’s IE] and IEO are held high and low 
respectively at the time the instruction code EDH has been decoded. 

The code following EDH is 4DH, only the peripheral LSI which has sent the last 
interrupt vector (that is, the LSI whose IEI is high and IEO is low) returns from the 
interrupt processing. This restarts the processing of the suspended interrupt of the 
peripheral LSI of the next higher priority. 
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Figure 3.4.9 Interrupt Return Timing 
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3.4.5 CTC Operational Procedure 


To operate the CTC in the counter mode or the timer mode, the channel control word 
and time-constant data must be written in the CTC. To enable interrupts by the channel 
control word, the interrupt vector must be written in the CTC. 


[1] 0 Address and Channel Control Word 


To write the channel control word in the CTC, the channel must be specified by the 
corresponding channel I/O address. 


Table 3.4.1 Channel |/O Addresses 


70 adres 
0 #10 


1 #11 
2 #12 
3 #13 
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The channel control word to be written in the CTC consists of 8 bits. The system data 
bus DO through D7 correspond to bit 0 through 7 respectively. Figure 3.4.10 shows the 
meaning of each bit. Table 3.4.2 shows the function of each bit. 


D7 


D6 D5 D4 D3 D2 D1 DO 
timer constant 
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Figure 3.4.10 Channel Control Word 


For the channel control word, DO must always be 1. 


Table 3.4.2 Meanings and Function of Channel Control Words (1/3) 


Meaning and function 


Enables channel interrupt. In either 
counter or timer mode, the interrupt is 
requested every time the down-counter 
has reached zero. When this bit is set to 
“1" the interrupt vector must be written 
in the CTC before the down-counter 
starts. When the channel control word 
whose D7 bit is “1” is written in an already 
operating channel, the interrupt occurs 
only when the down-counter has reached 
zero for the first time after the writing of 
the new channel control word. 
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(2/3) 


Meaning and function 


Bit 


Puts the channel in the timer mode. Puts 
the system clock into the prescaler and 
outputs the divided signal to the down- 
counter. 


Used only in the timer mode. The 


prescaler is set to divide the system clock 
by 16. 


In the timer mode, the timer operation 
starts on the falling edge of the trigger 
PULSE (CLK/TRG). In the counter mode, 
the down-counter is decremented at the 
falling edge of the external clock pulse 
(CLK/TRG) 


Used only in the timer mode. 

The timer oparation starts on the rising 
edge of the trigger pulse clocks after a 
time constant is loaded onto the down- 
counter. 


This bit (0) indicates that there is no time 
constant written after channel control 
word. However, when the channel is in 
the reset state and this bit cannot be 
changed to “0” in the channel control 
word which is given first after the channel 
reset. To change other state without 
changing a time constant, input a 
channel control word with this bit 
changed to 0. 


Puts the channel in the counter mode. 
The down-counter is decremented for 
each edge trigger applied to the CLK/TRG 
pin. In the counter mode, the prescaler is 
not used. 


Used only in the timer mode. The 
prescaler is set to divide the system clock 
by 256. 


In the timer mode, the timer operation 
Starts on the rising edge of the trigger 
pulse (CLK/TRG). In the counter mode, the 
down-counter is decremented at the 
rising edge of the trigger pulse (CLK 
/TRG). 


Used only in the timer mode. The timer 
operation is started at the leading edge of 
the external trigger pulse that inputs 2 
system clocks after a time constant is 
loaded onto the down counter. 

when atime lag between the system clock 
and trigger pulse satisfies a setup time, 
the prescaler starts to operate from the 
second leading edge of the trigger pulse. 
If a time lag between the system clock and 
trigger pulse dose not satisfy the setup 
time, the prescaler starts to operate at the 
leading edge of the trigger pulse after 3 
system clocks. If the trigger pulse is input 
before loading of a time constant, the 
operation is the same as that when Bit 
3=0. 


This bit (1) indicates that there is a time 
constant written immediately after a 
channel control word. If a time constant is 
written while the downcounter is 
operating, a new time constant is set in 
the time constant register. The counting 
which is in progress is carried out 
continuously when the downcounter 
becomes zero, and a new time constant is 
loaded onto the downcounter. 
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[3] 





(3/3) 
Meaning and function 
Continues the current channel operation | Stops the down-counter operation. 

When this bit is set to “1”, the channel 
operation stops but all the channel 
control register bits remain unchanged. 
When bit 2 = “1" and bit1 = “1”, the 
channel operation remains stopped until 
a new time constant is written. Channel 
restart is set up after the new time 
constant is programmed. The channel is 
restarted acoording to the state of bit 3. 
When bit 2 = “0” and bit 1 = “1”, the 
channel operation does not start until a 
new channel contro! word is written. 
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Time-Constant Data 


In either the time mode or the counter mode, the time-constant data must be loaded 
into the time constant register. When bit 2 (D2) of the channel control word is “1”, the 
time constant is loaded into the time constant register immediately after the channel 
control word is written. A time-constant value must be an integer in a range of 1 to 256. 
When the 8 bits of a time constant are all “0”s, such a time constant is assumed to be 
256. Figure 3.4.11 shows the bit configuration of time-constant data. 


Bo RRs Oe Ea 


1C7° C6 TCS. TCA. TC3. Te2. 7C1 ‘Teo. 
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Figure 3.4.11 Time-Constant Data 
Interrupt Vector 


In interrupt in the MPU mode-2, the interrupting channel must give an interrupt 
vector to the MPU. An interrupt vector is written in the channel-0 interrupt vector 
register with bit 0 (D0) =“0”. The vector is written in the same way as the channel 
control word is written on channel 0. However, bit 0 (DO) of the vector should always be 
“0”. Bit 7 (D7) through bit 3 (D3) are user-defined values. Bit 2 (D2) and bit 1 (D1) are 
automatically given and contain the code of the interrupt-requesting channel having the 
highest priority. Table 3.4.3 shows the channel codes. Figure 3.4.12 shows the interrupt 
vector bit configuration. 
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Table 3.4.3. Channel Codes 


Interrupt priority 





(High) 
(Low) 
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Figure 3.4.12 Interrupt Vector 
3.4.6 Using CTC 
[1] Counter Mode 


The following describes how to use the CTC by referring to a program using channel 0 
with interrupt disabled. 


(a) Thecounter programming procedure is shown in Figure 3.4.13 






LOAD OF CHANNEL 
CONTROL WORD 
LOAD OF 
TIME CONSTANT 


END 
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Figure 3.4.13 Counter Programming Procedure 
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(b) The block diagram for converting the 100 kHz system clock into the 10 kHz 


equivalent is shown in Figure 3.4.14. 


CHANNEL 0 
TIME CONSTANT 


PRESCALER REGISTER 
: A TIME CONSTANT IS LOADED EVERY TIME 
: WHEN THE DOWN COUNTER COUNTS ZERO 





CLK/TRGO (100kHz) DOWN COUNTER 


INPUT 






OUTPUT | ZC/TOO (10kHz) 
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Figure 3.4.14 Down-Counter Block Diagram 


The channel control word configuration is shown in Figure 3.4.15 
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Figure 3.4.15 Channel Control Word Configuration 
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[2] Timer Mode 


(a) The timer programming procedure without using interrupt is shown in Figure 
3.4.16. 
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Figure 3.4.16 Timer Programming Procedure 


(b) The block diagram for converting the 4 MHz system clock into the 1 kHz 
equivalent is shown in Figure 3.4.17. 
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Figure 3.4.17. Timer Block Diagram 


(c) Thechannel control word is shown in Figure 3.4.18. 


D7 D6 D5 D4 D3 D2 D1 DO 
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Figure 3.4.18 Channel Control Word 
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3.5 PIO OPERATIONAL DESCRIPTION 


The PIO has two independent, programmable 8-bit ports. These ports are assigned 
addresses on the TMPZ84C015A’s I/O map and therefore can be read/written in the 
MPU’s I/O cycle. This subsection mainly describes the operations that take place after 
accessing the PIO. | 


3.5.1 PIO Block Diagram 
Figure 3.5.1 shows the PIO block diagram 
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Figure 3.5.1 PIO Block Diagaram 
3.5.2 PIO System Configuration 
The PIO system consists of the four logic circuits: 
(1) MPU bus IJ/O logic circuit 
| (2) Internal control logic circuit 
(3) Interrupt control logic circuit 
(4) Port I/O logic circuit 
[1] MPU Bus1/O Logic circuit 
The MPU bus J/O logic circuit transfers data between the MPU and the PIO. 
[2] Internal Control Logic circuit 


The internal control logic circuit controls the PIO operating functions like the PIO 
selecting chip enable and the read/write circuits. 
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[3] 


[4] 


Interrupt Control Logic circuit 


The interrupt control logic circuit performs the MPU interrupt-associated processing 
such as determining interrupt priorities. The priorities with other LSI peripherals are 
determined by the physical location in daisy chain connection. 


Port I/O Logic Circuit 


The port I/O logic circuits are used to directly connect to peripheral devices. Each 
consists of the following 7 registers and 1 flip-flop. Data are written in the registers by 
the MPU as specified in the program. Figure 3.5.2 shows the internal configuration of 
the ports 


® Data output register (8 bits) 

e Data input register (8 bits) 

& Mode control register (2 bits) 

e Interrupt vector register (8 bits) 
e Interrupt control register (2 bits) 
® Mask control register (8 bits) 

6 Data I/O control register (8 bits) 


e Handshake control logic circuit 


INTERRUPT MODE DATA INPUT/ 


VECTOR CONTROL 


REGISTER REGISTER 
(8 BITS) (2 BITS) 


CONTROL 
INTERNAL BUS Cire 
(8 BITS) 
DATA 
CONTROL LINE 
INTERRUPT MASK 
CONTROL CONTROL 
REGISTER REGISTER INPUT DATA REGISTER 
(8 BITS) 





















(2 BITS) (8 BITS) 

















INTERRUPT CONTROL F cacanaie CONTROL LINE 
REQUEST CIRCUIT 
170489 


Figure 3.5.2 Port Internal Configuration 


MPUZ80-651 














TOSHIBA | TMPZ84C015A 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


Data Output register 
This register holds the data to be transferred from the MPU to peripheral devices. 
Data input register 


This register latches the data to be transferred from peripheral devices to the 
MPU. 
The input data to the MPU is read through this register 


Mode control register 


This register specifies the operation mode. The operation mode is set by MPU 
control. 


Interrupt vector register 


This register holds the vector which makes up the address of the table storing 
the start address of the interrupt processing routine. 


This register is used only for interrupt processing. 
Interrupt control register 


This register specifies how the I/O ports are to be monitored. This register is 
used only in the PIO mode 3. 


Mask control register 


This register specifies which I/O port pin is to be monitored. This register is 
used only in the PIO mode 8. 


Data I/O control register 


This register specifies whether each port pin is to be used as output or input. 
This register is used only in PIO mode 3. 


Handshake control logic 


This circuit controls the data transfer to the peripheral devices connected to the 
8-bit I/O ports. 


3.5.3 PIO Basic Operations 


[1] Reset 


(1) 


The PIO provides the following two reset capabilities: 


Power-on reset 


The PIO contains the circuit which automatically resets the PIO at the time of 
power-on. 


MPUZ80-652 


TOSHIBA TMPZ84C015A 


(2) Hardware reset 


Making the RESET pin low for 2 system clock periods with the RD and IORQ 
pins being high resets the PIO on the rising edge of the RESET pin. This hardware 
reset inside the TMPZ84CO015A by external pin is possible because the output of 
the AND circuit between the RESET and M1 pins is put on the M1 signal of the 
PIO. 


Reset state 

(a) The operation mode is set to mode 1 for both ports. 

(b) Interrupt is disabled 

(c) All the bits of the data I/O register of each port are reset. 

(d) All the bits of the mask control register of each port are set and masked. 

(e) The port I/O lines of each port are put in the high-impedance state (floating) . 
(f) The RDY pin of each port goes low. 


The reset state is held until the control word is written. For the function of the 
control word, see Subsection 3.5.5 “Operational Procedure”. 


Interrupt 


The PIO can cause an interrupt when the MPU is operating in mode 2. The interrupt 
request signal (INT) from the PIO is accepted when the MPU is in the interrupt enabled 
state (caused after the execution of E1 instruction). Receiving the INT signal, the MPU 
latches the interrupt vector (8-bit data) sent from the PIO, specifies the start address of 
the interrupt processing routine based on the vector, and calls the routine to start the 
processing. 

Thus, since the start address of the interrupt processing routine can be specified by 
the interrupt vector sent from the PIO, the user can change the vector value to call any 
desired address. 

Interrupt processing is terminated when the MPU executes the RETI instruction. 
The PIO has the circuit to decode the RETI instruction to detect the termination of 
interrupt processing by constantly monitoring the data bus. 

The interrupt priority among the Z80 peripheral LSIs is determined by the daisy 
chain structure. In daisy chain, the peripheral LSIs are connected one after another as 
shown in Figure 3.5.3. The more a peripheral LSI is physically located near the MPU, 
the higher the priority of the peripheral is. Actually, the priority of the Z80 peripheral 
LSIs (CTC, PIO, and SIO) on the TMPZ84C015A is specified by the contents of the 
interrupt priority register (# F4 bits 2 through 0). Within the PIO, port A is given 
higher priority than port B. 
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The TMPZ84C015A’s PIO and peripheral LSIs have the signal lines IEO and IEI 
connected to the IEO of a higher peripheral LSIs and the IEI of a lower peripheral LSI 
respectively. However, the IKI of the highest peripheral LSI is connected to the IEI pin 
and the IEO of the lowest peripheral LSI is connected to the IEO pin. In this state, the 
PIO interrupt follows the conditions: 


When both IEI and IEO are high, no interrupt has occurred. This time, the 
interrupt request signal (INT) is high. In this state, the PIO can request interrupt. 


When the PIO sends the INT signal, it sets the IFO line to the low level. When the 
interrupt request is accepted by the MPU, INT goes back to the low level. 


When the IEI goes low, the IEO also goes low. 
When the IEI is low, the PIO cannot request an interrupt. 


If the IEI goes low during interrupt occurrence, the interrupt processing is 
suspended. 


The operations of the 4 Z80 peripheral LSIs (the states of IEI, IEO and INT signal) 


daisy-chained as shown in Figure 3.5.3 are as follows: 


(1) 


Before interrupt occurrence 
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(3) The MPU acknowledges (enables) the interrupt. Interrupt processing for LSI-2 is 
performed. 


o Vcc 





(4) Interrupt request from LSI-1 to the MPU. The interrupt processing for LSI-2 is 
suspended. 











(5) The MPU acknowledges (enables) the interrupt. Interrupt processing for LSI-1 is 
performed. 





(6) Interrupt processing for LSI-1 terminates (upon execution of the RETI 
instruction). Interrupt processing for LSI-2 is restarted. 
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(7) Interrupt processing for LSI-2 terminates (upon execution of the RETI 
instruction). | 


o Vcc 





Interrupt priority is given to LSI-1, LSI-2, LSI-3 and LSI-4 in this order. 


170489 


Figure 3.5.3 Signal States in Daisy Chain Structure 


Operation Modes 


The PIO operates in one of the 4 operation modes. The mode is selected by writing the 
mode control word. 


e Mode 0 (byte output mode) 
e Mode 1 (byte input mode) 

@ Mode 2 (byte I/O mode) 

@ Mode 8 (bit mode) 

(1) Mode 0 (byte output mode) 


In mode 0, the PIO sends the data received from the MPU to the external device 
through the port data output register. The contents of this register can be 
rewritten by using an output instruction. If the data on the bus change, the 
register contents remain unchanged until the next output instruction is executed. 
When the MPU executes an output instruction, the write signal is generated in the 
PIO in the write cycle. Using the signal, the data on the data bus can be latched in 
the data output register. 


(2) Mode 1 (byte input mode) 


In this mode, the PIO sends the data received from the external device to the 
MPU through the port data input register. The data transfer to the MPU is 
suspended until the MPU has read the current data. 


(3) Mode 2 (byte I/O mode) 


Mode 2 is a combination of mode 0 and mode 1. This mode is used only for port 
A. In this mode, all 4 handshake control lines are used. Port A’s handshake 
control lines are used for data output and the port B’s handshake control lines are 
used for data input. For data transfer, port A is used. Port B is set in mode 3 (bit 
mode) in which no handshake control line is used. 
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(4) 


In this mode, the interrupt timing occurs almost at the same time in mode 0 and 
mode 1. In an input operation, the port B’s handshake control lines are used, so 
that the interrupt vector written in port B is transferred. Therefore, the interrupts 
in input and output can be controlled by different vectors. 


Mode 3 (bit mode) 


In mode 3, the 8-bit port I/O lines are controlled for each bit. Since no 
handshake control lines are used, ordinary read/write operations can be 
performed. I/O operations can be performed on the port as well. In a write 
operation, the data sent from the MPU to the PIO are latched in the data output 
register corresponding to the bit set for output in the same timing as in mode 0. 

An interrupt occurs in the interrupt enabled state and when the bit set for input 
satisfies the condition specified in the interrupt control word. However, if port A is 
operating in mode 2, port B cannot cause an interrupt in the bit mode. Note that, 
to use the interrupt capability, the mask control register bit corresponding to the 
bit set for output must be set to “1” to disable its interrupt. 
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3.5.4 PIO Transition and Basic Timing 


[1] 


Statis Transition 


Figure 3.5.4 shows the pio status transition diagram. 
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Figure 3.5.4 (a) PIO Status Transition 
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Figure 3.5.4(b) PIO Status Transition 
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[2] Write Cycle 


The IORQ, RD, C/D (AO), B/A (A1), and CE (A7 through A2) signals generate the 
write signal (*WR) inside the PIO. 

The MPU sets the PIO’s IORQ signal to the low level at system clock T2, to start the 
write cycle. At this time, to indicate that this cycle is a write cycle, the PIO’s M1 signal 
must be set to the high level. At the same time, the MPU sends signals to the PIO’s B/A 
(A1) and C/D (AO) to specify the port or select control signal or the data. This allows the 
port data output register of the PIO’s selected port to latch the data at system clock T3. 
TW is a wait state automatically inserted by the MPU. 


T1 T2 TW T3 T1 


can — TF LJ LI LI LI LA LL 


CSC 
(Ao) (An) 
CEN 


(A2~A7) 


IORQ - NG Se ee 


*WR=C/D-CE-RD-IORQ 170489 
Figure 3.5.5 Write Cycle Timing 
[3] Read Cycle 


The MPU sets the PIO’s, RD pin, CE signal, and IORQ pin to the low level at system 
clock T2 to start the read cycle. At this time, to indicate that this cycle is a read cycle, 
the PIO’s M1 pin must be set to the high level. The PIO outputs data in the CE, IORQ, 
and RD signals. TW is a wait state automatically inserted by the MPU. 
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[4] 


[5] 


T1 T2 TW T3 a 


CKNee wl Led Lal hed be 
i ee 
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Figure 3.5.6 Read Cycle Timing 


Mode 0 (Byte Output Mode) 


The mode 0 output cycle starts when the MPU executes an output instruction. When 
an output instruction is executed, the write signal (*WR) is generated in the PIO in the 
write cycle. This signal latches the data on the data bus to the data output register of 
the selected port. The RDY pin goes high on the first falling edge of the system clock 
after the rise of the write signal (*WR). This indicates that the data in the data output 
register are already on the port I/O pin. The peripheral device sets the RDY pin to the 
low level on the first falling edge of the system clock after the rise of the STB pin to be 
input to the PIO to indicate that the peripheral device has received the data from the 
port I/O pin, waiting for the next output instruction. If, at this time, the PIO is enabled 
for interrupts, it sets the INT pin to the low level on the rising edge of the STB signal to 
output the interrupt request signal to the MPU. Figure 3.5.7 shows the timing chart of 
mode 0. 


Mode 1 (Byte Input Mode) 


The input cycle starts when the MPU has completed the previous data read operation. 
The peripheral device sets the PIO’s STB pin to the lower level, putting data on the port 
I/O line. The RDY pin is driven low on the first falling edge of the system clock after the 
rise of the STB pin, disabling the peripheral device to send the next data. If at this time, 
the PIO is enabled for interrupts,it sets the INT pin to the low level on the rising edge of 
the STB pin, making an interrupt request to the MPU. When the MPU executes the 
input instruction in the interrupt processing routine, the read signal (*RD) is generated 
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in the PIO in the read cycle. This signal puts the data in the data input register of the 
selected port on the data bus. The MPU receives this data. The PIO sets the RDY pin to 
the high level on the first falling edge of the system clock after the rise of the read signal 
(*RD) to wait for the input of the next data. Figure 3.5.8 shows the mode 1 timing chart. 
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Figure 3.5.8 Mode 1 Timing Chart 
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[6] Mode 2 (Byte I/O Mode) 


Mode 2 is a combination of mode O and mode 1. The timing for output operation is 
generally the same as in mode 0 except that, in mode 2, data is output only when the 
ASTB pin is low while, in mode 0, data is always on the port I/O line. The peripheral 
device can receive data on the rising edge of the ASTB signal being used as the latch 
signal. 

The input timing is the same as in mode 1. 

The port A handshake line is used as output control and the port B handshake line is 
as input control. 

The value of the interrupt vector generated by the BSTB signal during a port A input 
operation is the same as the value of the interrupt vector generated when port B is used 
in mode 3. Hence, all port B bits are masked by setting the mask control word to disable 
port B for the interrupt capability. 














_ P| Va 
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| A 
PORT A INPUT 
CaneuT > 


/OUTPUT LINE 


* WR J 
*WR=C/D-CE-RD-IORQ 170489 
Figure 3.5.9 Mode 2 Timing Chart 
[7] Mode 3 (Bit Mode) 


In this mode, no handshake line is used. Therefore, the ordinary port read/write 
operations can be performed, permitting access to the ports any time. The write data 
from the MPU is latched to the data output register corresponding to the bit set for 
output in the same timing as in mode 0. Except when port B is used in mode 2, the STB 
pin of the port operating in mode 3 is fixed to the low level. The transfer data consists of 
the data in the data output register and in the data input register. That is, the data of 
the bit set for output and the data of the bit set for input make up the transfer data. 
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An interrupt occurs when the interrupt enabled state is on and the bits set for input 
satisfy the condition specified by the mask control word, etc. However, if port A is 
operating in mode 2, port B is disabled for interrupt in the bit mode. Note that, to use 
the interrupt capability, the bit of the mask register corresponding to the bit set for 
output must be set to “1” to disable it for interrupts. 

An interrupt request occurs when the logic condition becomes true. If the logic 
condition becomes true immediately before the M1 pin becomes low or while M1 pin is 


low, an interrupt request occurs on the rising edge of the M1 pin. 


Son untine 
DATA BUS 
INTERRUPT CONDITION ( DATA 11S PUT ON BUS 
IS SATISFIED . 170489 


Figure 3.5.10 Mode 3 Timng Chart 
Interrupt Acknowledge Cycle 


Outputting the interrupt request signal (INT) , the PIO sets the IEO signal to the low 
level, disabling the low-priority peripheral LSIs for interrupt requests. 
Receiving the interrupt request signal (INT) from the PIO, the MPU sets the PIO’s 


M1 and IORQ pins to the low level to indicate that the MPU has acknowledged the 


interrupt request. The IORQ pin goes low 2.5 system clocks later than the M1 pin. To 
stabilize the daisy-chained signal lines (IEI and IEO), the ports and Renipacta LSIs 
cannot change the interrupt request. 

The RD pin remains high to make distinction between the instruction fetch and 
interrupt acknowledge cycles. While the RD pin is high, the interrupt control logic in 
the PIO determines the interrupt requesting port of the highest priority. When the 


IORQ pin goes low with the IEI pin being high, the interrupt vector is put on the data 


bus from the interrupt requesting port. At the same time, two system clocks are 
automatically inserted by the MPU as a wait state to stabilize the daisy chain structure. 
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Figure 3.5.11. Interrupt Acknowledge Cycle Timing Charts 
Return from Interrupt Cycle | 


Return from interrupt processing is performed when the MPU executes the RETI 
instruction. This RETI instruction must be used at the end of the interrupt processing 
routine. When the MPU executes this instruction, the PIO’s IEI and IEO return to the 
states active before interrupt processing. 

The RETI instruction consists of two bytes and its code are EDH and 4DH. The PIO 
decodes the RETI instruction to determine whether there is any interrupt requesting 
port. In the daisy chain structure, the IEI and IEO of the interrupting LSI remain high 
and low respectively at the time the instruction code EDH has been decoded. If the code 
following EDH is 4DH, only the peripheral LSI which has sent an interrupt vector 
immediately before, that is, the LSI whose IEI is high and IEO is low, returns from 
interrupt processing. This restarts the interrupt processing of the suspended peripheral 
LSI of lower interrupt priority. 
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Figure 3.5.12 Interrupt Cycle Return Timing Chart 
3.5.5 PIO Operational Procedure 


To operate the PIO the control words shown below must be written in it as the initial 
settings. They must be written in the PIO’s ports, A and B, separately. Specify the I/O 
address listed in Table 3.5.1 to write control words and data in the PIO. 


Table 3.5.1 !/OAddresses 


/O function 1/O address 


Port A data 




















#1C 
Port A command #1D 
Port B data #1E 
#1F 


Port B command 


170489 


(1) Interrupt vector word 


[or [os [oslo [os[oloyo] - 
ES Identifies the interrupt vector word. 


User-defined interrupt vector 





170489 


e Using this vector and the contents of the address indicated by the MPU’s [ register, 
the MPU generates the start address of the interrupt processing routine. 


e DO through D7 are written in the interrupt vector register. 


e This word is not needed when the interrupt capability is not used. 


| MPUZ80-666 


TOSHIBA TMPZ84C015A | 


(2) Modecontrol word 


ror [oe [os [owt [1 t+ [7 


ia (ee Identifies the mode control word. | 
Don‘t care 

| 

Mode Select 

D7=0,D6=0 : ModeO i 





D7=0,D6=1 : Mode 1 
D7=1,D6=0 : Mode 2 
D7=1,D6=1: Mode 3 


170489 
e This word specifies an operation mode. 
& D7 and D6 are written in the mode control register. 


(3) Datal/O control word 
Tor [os [os [oe] os [oe [or | oo 


0: output 
1: input 








170489 





® This word is needed only in mode 38. 


e When mode 3 is specified by the mode control word, the data I/O control word is 
written after it. 


e Each port is specified for output or input. 


e D0 through D7 are written in the data I/O register. 
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(4) 


(5) 


Interrupt control word 


| b7 | oe | os | os | oo ft ft ft 


control word. 


| ae the interrupt 


0: Mask word not required. 
1: Mask word requied. 


0: Active level is low. 
1: Active level is high 


0: Interrupt occurs when logic condition is OR. 
1: Interrupt occurs when logic contidion is AND. 


° : Interrupt disabled. 


1: Interrupt enabled 
170489 


This word is for interrupt control such as interrupt condition setting. 
D4, D5, and D6 are used only in mode 8. 


With D6=0, interrupt occurs when one of the bits not masked (the bit to be 
monitored) by the mask control word goes active. | 


With D6=1, interrupt occurs when all bits not masked (the bits to be monitored) 
by the mask control word go active. 


With D4=1, the suspended interrupts are all reset regardless of the mode. 


D5 and D6 are written in the control register. 


Mask control word 


| o7 | be | os | pa | 03 | 2 | br | 00 


| ° : Not masked (to be monitored) 


1: Masked (not to be monitored) 
170489 


This word is needed only in mode 3. 


When D4=1 is set by the interrupt control word, the mask control word must be 
written after it. 


This word specifies whether to monitor the port I/O line specified for input by the 
data I/O control word. 


When the bit is set to 0, the corresponding input line is monitored and regarded as 
the input associated with interrupt occurrence. 


MPUZ80-668 


TOSHIBA TMPZ84C015A 


e When the bit is set to 1, the corresponding input line is masked to provide the input 
not related to interrupt occurrence. 


e The PIO checks only the input line with the bit being 0 to see if the interrupt 
condition is satisfied. If the condition is satisfied, the PIO requests an interrupt. 


@ DO through D7 are written in the mask control register. 


When port A is put in mode 2, all 4 handshake lines are used, so that port B must be 
set in mode 3 which uses no handshake lines. At the same time, all mask control word 
bits must be set to 1 (masked). 


Note: Only interrupt enable/disable can be set by the following control word: 


|o7 | pe | os | oat of o ft | 1 | 


Identifies the control word 
which sets only interrupt enable/disable. 


Don’t care 





0 : Disables interrupt. 
1: Enables interrupt. 170489 





3.5.6 Using PIO 


The following is a programming example to operate the PIO’s port in mode 3. This 
program is followed by the main routine and the interrupt processing program. 


e The MPU is used in the mode 2 interrupt. 

e The table storing the start address of the interrupt processing routine is 0802H. 
e Interrupts occur when both PIO’s port input lines A6 and A5 go high. 

e The I/O addresses of the PIO are the addresses listed in Table 3.5.1. 


AQ~A/7 DO~D/7 


it PIO External device 





INT 
= 170489 


Figure 3.5.13 PIO Connection 
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3.6 


ORG 100H 
LD SP, 100H = «+ Sets the stack pointer. 


LM 2 tts Sets for MPU mode 2 interrupt. 
LD A, 08H veers Writes data in MPU I register. 

LD I, A 

LD =A, O2H trees Writes the interrupt vector word. 
OUT (1DH) , A 

LD A, OCFH sr Writes the mode control word. 
OUT (1DH) , A 

LD A, 62H were Writes the data I/O control word, Sets PIO. 
OUT (1DH) , A 

LD =A, OF7H tree Writes interrupt control word. 
OUT (1DH) , A 

LD A, OFH cree Writes the mask control word. 


EL tte Sets interrupt enable. 
SIO OPERATIONAL DESCRIPTION 


The SIO has two independent, programmable full-duplex serial ports. These ports are 
assigned addresses on the TMPZ84C015A’s I/O map. This subsection mainly describes 
the operations that take place after accessing the SIO. 


3.6.1 SIO Block Diagram 
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Figure 3.6.1 SIO Block Diagram 
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3.6.2 SIO System Configuration | 





As shown in Figure 3.6.1, the SIO consists of the MPU bus interface, the internal 
controller, the interrupt controller, and two independently operating full-duplex 
channels. Each channel has the read register, the write register, and the external 
controller which controls the connection with peripheral LSIs or external devices. : 

The TMPZ84C015A contains all the functions and pins of the 40-pin, DIP-type | 
TMPZ84C40A (SIO/0), TMPZ84C41A (SIO/1), and TMPZ84C42A (SIO/2). However, : 
when using the SIO of the TMPZ84C015A, the SIO/0, SIO/1, or SIO/2 must be used 
alone. The pin assignments are as shown in Figure 3.6.2. 
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Figure 3.6.2 SIO Pin Assignments 


MIPUZ80-671 





TOSHIBA TMPZ84C015A 


Table 3.6.1 shows the types and functions of the SIO registers. Each channel has 8 
write registers and 3 read registers. 


(1) Communication data path 
Figure 3.6.2 shows the communication path of each channel’s transfer data. 
1 Receive operation 


The receiver has an 8-bit receive register and a 3-stage 8-bit buffer register in 
FIFO configuration. This saves time in high-speed data block transfers. The 
receivers also have the receive error FIFO which holds the status information such as 
parity and framing errors. The receive data follow different paths according to the 
operation mode and character length as shown in Figure 3.6.3. 


Table 3.6.1 (a) Write Regosters 
Sets the vector to be transmitted at interrupt. 
Provides the parameters to control the receiver. - 
Provides the parameters to control the receiver and transmitter. 
i ( 
| ) 
) 













Write register5 WRS) 
| Write register6 (WR6) | Sets the sync character or the SDLC address field. 
Sets the sync character or the SDLC flag 
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Controls the transmitter. 








Write register7 WR7 





Table 3.6.1 (b) Read Regosters 


Read register0 (RRQ) | Indicates the receive/transmit buffer state and the pin state. 
Read register1 (RR1) {Indicates the error status and the end-of-frame code. 


(RR2) | Indicates the interrupt vector contents. (Channel B only) 


















Read register2 
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Figure 3.6.3 Transfer Data Path (Channel A) 
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e Asynchronous mode 


In the asynchronous mode, the receive data enters the 3-bit buffer if the 
character length is 7 or 8 bits or the 8-bit receive shift register if the character 
length is 5 or 6 bits. 


® Synchronous mode 


In the synchronous mode, the data path depends on the receive processing phase 
at the time. The receiver operation starts from the hunt phase. In this mode, the 
receiver searches the receiver data for the bit pattern which matches the specified 
sync character. If the SIO is set in the monosync mode, the receiver searches for 
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the bit pattern which matches the sync character set in WR7;if the SIO is set in the 
bisyne mode, the receiver searches for the bit pattern which matches two 
consecutive sync characters set in WR6 and WR7. When synchronization has been 

-established, the subsequent data enter the 3-bit buffer by bypassing the sync 
register. 


e SDLC mode 


In the SDLC mode, the sync register constantly monitors the receive data 
performing zero deletion as required. When the sync register detects 5 “1”s 
consecutively in the receive data, the following bit is deleted if it is “O”. If itis “1”, 
the bit that follows is checked. If it is “0”, it is assumed as a flag, if it is “1”, it is 
assumed an abort sequence (7 consecutive “1”s). 

The reformatted data are put in the receive shift register via the 3-bit buffer. 
When synchronization has been established, the subsequent data follow the same 
path regardless of the character length. 


2 Transmission 


The transmitter has an 8-bit transmit data register and a 20-bit transmit shift 
register. The 20-bit transmit shift register holds the data from the WR6, WR7, and 
transmit data register. 


e Asynchronous mode 


In the asynchronous mode, the data in the 20-bit transmit shift register are 
added with the start and stop bits to be sent to the transmit multiplexer. 


@ Synchronous mode 


In the synchronous mode, the WR6 and WR7 hold the sync character. The 
contents of these registers are sent to the 20-bit transmit register as the sync 
character at the transmission of data blocks or as the idle sync character if a 
transmitter underrun occurs in data block transmission. 


e SDLC mode 


In the SDLC mode, the WR6 holds the station address and the WR7 holds the 
flag. The flag (WR7) is sent to the 20-bit transmit register at the start and end of 
each frame. For each of the other data fields, one “0” follows five consecutive “1”s. 
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(2) W/O functions 


To transfer data from the MPU, the SIO must be set in the polling, interrupt, or block 
transfer mode. 


& Polling 


To operate the SIO in the polling mode, all interrupts mode must be disabled. In 
the polling mode, the MPU reads the status bits DO and D2 in each channel’s RRO 
to check for reception or transmission. 


e Interrupts 


There are 3 types of SIO interrupt: transmit interrupt, receive interrupt, and 
external/status interrupt. These interrupts can be enabled by program. The 
receive interrupt is further divided into the following three: 


e Interrupt on the first received character 
e@ Interrupt on all received characters 


e Interrupt on special receive conditions 
Higher priority is given to channel A than channel B. On the same channel, 





higher priority is given to reception, transmission, and external/status in this 
order. 


The SIO provides the daisy-chained interrupt priority control feature and the 
interrupt vector generating feature. Further, it provides the “status affected 
vector” feature. This feature outputs 4 interrupts depending on the interrupt 
source. 


e Block transfer 


The SIO has the block transfer mode to adapt to the MPU”s block transfer and 
the DMA controller. For block transfer, the W/RDY line is used. For the MPU’s 
block transfer, this line is used as the wait line;for the DMA block transfer, it is 
used as the ready line. The SIO’s ready output indicates to the DMA controller 
that the data is ready to transfer. The S1O’s wait output indicates to the MPU that 
the SIO is not ready for data transfer and therefore requesting the extension of the 
output cycle. 
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3.6.3 SIO Basic Operations 
(1) Asynchronous mode 


For data transfer in the asynchronous mode, the character length, clock rate, and 
interrupt mode must be set. These parameters are written in the write registers. Note 
that WR4 must be set before the other registers are set. 

Data transfer does not start until the transmit enable bit is set. When the auto 
enable bit is set, the SIO starts transmission upon the CTS pin’s going “0”, allowing the 
programmer to send a message to the SIO without waiting for the CTS signal. Figure 
3.6.4 shows the data format of the asynchronous mode. 


ee agen ge ce 
worn LEST RLS DBE ST wating 


Start bit Parity bit Stop bit 


Message direction 
‘ Pier enenes tiers emer oor 170489 


Figure 3.6.4 Data Format of Asynchronous Mode 
1 Transmission 


Serial data are output from the TxD pin. Its transfer clock rate can be set to one of 
1, 1/16, 1/32, and 1/64 times the clock rate ot be supplied to the trandmit clock input 
(TxC). The serial data are output on the falling edge of TxC. 


2 Reception 


The receiver operation in the asynchronous mode starts when the receive enable 
bit (DO of WR3) is set. When the receive data input RxD is set to “0” for the duration 
of at least 1/2 bit time, the SIO interprets it as the start bit, sampling the input data 
at the middle of the bit time. The sampling is performed on the rising edge of the RxC 
signal. 

When the receiver receives the data whose character length is not 8 bits, it 
converts the data into the one composed of the necessary bits, the parity bit and the 
unused bit set to “1”. 


comple: a6siccarcer —” [1 [os] e[os[oe[or[oo 
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When the external/status interrupt is enabled and a break state is detected in the 
receive data, the interrupt is generated and the break/abort status bit (D7 of RRO) is 
set and the SIO monitors the transmit data until the break state is cleared. The 
interrupt is also generated when the DCD signal is in the inactive state for more than 
the specified pulse width. The DCD status bit is set to “1”. 

In the polling mode, the MPU must refer the receive character valid bit (DO of 
RRO) to read the data. This bit is automatically reset when the receive buffer is read. 
In the polling mode, the transmit buffer status must be checked before writing data in 
the transmitter to avoid overwrite. 


(2) Synchronous mode 


There are 3 kinds of character synchronization : monosync, bisync, and external sync. 
In each of these synchronous modes, the times 1 clock rate is used for both transmission 
and reception. The receive data is sampled on the rising edge of the receive clock input 
(RxC). The transmit data changes on the falling edge of the transmit clock input. 


S 
Synchronous Data field CRC CRC 
character 1 2 
¢- 


a Monosynchronous mode 
Synchronous Synchronous Data field CRC CRC 
character — character 1 2 


Bisynchronous mode 



















Data field 
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Figure 3.6.5 Data Format of Synchronous Mode 
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1 


(a) 


(b) 


(c) 


Monosync 


In this mode, synchronization is established when a match with the sync character 
(8 bits) set to WR7 is found, enabling data transfer. 


Bisync 


In this mode, synchronization is established when a match with 2 consecutive sync 
characters set to WR6 and WR’7 is found, enabling data transfer. In this mode as well 
as the monosync mode SYNC is active during the receive clock period in which the 
sync character is being detected. 


External sync 


In this mode, synchronization is performed externally. When synchronization is 
established, it is indicated by the SYNC pin. The SYNC input must be kept to “0” 
until the character synchronization is lost. Character assembly starts from the rising 
edge of the RxC after the falling of the SYNC. 

After reset, the SIO enters the hunt phase to search for the sync character. If 
synchronization is lost, the SIO sets the enter-hunt-phase-bit (D4 of WR3) to reenter 
the hunt phase. 


Transmission 
Data transfer using interrupt 


When the transmit interrupt is enabled, the interrupt is caused upon the 
transmit buffer’s being emptied. For the interrupt processing, other data are 
written in the transmitter. If these data are not ready for some reason, the 
transmit underrun condition occurs. 


Bisync mode 


In the bisync mode, if the transmitter runs out of data during transmission, 
supply characters are inserted. This is done in two methods. In one method, sync 
characters are inserted. In the other, characters generated so far are transmitted 
followed by sync characters. Either of these methods can be selected by the reset 
transmit underrun/EOM command in WRO. : 


End of transmission 


Break can be performed by setting bit D4 of WR5. When break is performed, the 
data in the transmit buffer and the shift register are lost. When the 
external/status interrupt is enabled, the SIO generates the interrupt depending on 
the transmitter state and outputs the vector. This mode can be used for block 
transfer. 
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e Reception 
(a) Interrupt on the first received character 


This mode is used for ordinary block transfer. In this mode, the SIO generates 
the interrupt only for the first character;subsequently, it does not generate the 
interrupt unless special receive conditions are satisfied. 

To initialize these settings, command 4 of WRO (to be enabled by the next 
receive interrupt) must be set in advance. 


(b) Interrupt on all received characters 


In this mode, the SIO generates the interrupt for all characters coming into the 
receive buffer. When the status affect vector has been set, a special vector is 
generated on a special receive condition. 


(c) Special receive condition interrupt 


This interrupt occurs when any of the above interrupts is selected. The special 
receive conditions include parity error, receive overrun error, framing error, and 
end-of-frame (SDLC). These error status bits are latched, so that they must be 
reset after they are read. They can be reset by command 6 of WRO (error reset). 





(3) SDLC mode 


The SIO supports both the SDLC and HDLC protocols. They resemble each other, so 
that only the SDLC mode is explained here. 

Figure 3.6.6 shows the data format in the SDLC mode. In the SDLC mode, one data 
block is called a frame and the message in it is put between the open flag and the close. 
The address field in the frame contains the address of a secondary station. Checking this 
address, the SIO receives or ignores the frame. 





}_@______—_____—_—___—_— Frame 


Address 
Open flag field 
Message direction 


Sa ann ORR 











Data field 


Close flag 
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Figure 3.6.6 Data Format in SDLC Mode 


MPUZ80-679 





TOSHIBA TMPZ84C015A 


(a) 


(b) 


(c) 


(d) 


(e) 


Transmission 
Data transfer using interrupt 


When the transmit interrupt has been set, the interrupt occurs each time the 
transmit buffer becomes empty. In the SDLC mode, data are sent to the SIO by 
this interrupt. 


Data transfer using wait/ready 


The wait function in the wait/ready capability is used to make the MPU extend 
the output cycle when the S10’s transmit buffer is not empty. The ready function 
indicates to the DMA that the SIO’s transmit buffer is empty and therefore ready 
to receive data. If no data has been written in the transmit shift register before 
transmission, the SIO goes in the underrun state. This capability permits data 
transfer to the SIO. 


Transmit underrun/EOM 


The SIO automatically ends the SDLC frame if there is no data to be 
transmitted to the transmit data buffer. To implement this, the SIO sends a 2-byte 
CRC when there is no data to send, then the SIO transmits one or more flags. After 
reset, the transmit underrun/EOM status bit is set to prevent the CRC character 
from being inserted when there is no data to be sent. Using this function, the SIO 
starts frame transmission. Here, the transmit underrun/EOM reset command 
must be set in advance between the transmission of the first data and the data end. 
Thus, the SIO goes in the reset state at the end of each message with the CRC 
character being sent automatically. 


CRC generation 


For CRC calculation, the CRC generator must be reset before transmission (bits 
D6 and D7 of WRO). CRC calculation starts when the address field is written in the 
SIO (WR6). The transmit CRC enable bit (DO of WR5) must be set before the 
address field is written. 


End of transmission 


When the transmitter is disabled during transmission, the data currently 
transmitted is all transmitted to its end. The subsequent data is put in the 
marking state. When the transmitter is disabled, characters remain in the buffer. 
However, the abort sequence is made active when the abort command is written in 
the command register, deleting all data. 
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(a) 


(c) 


(d) 


(e) 


Reception 


As in the transmit mode, several parameters must be preset in the receive 
mode. The address field is written in WR7 and the flag character in WR7. 
Receiving the open flag, the receiver compares the contents of the following 
address field with the address set in WR6 or the global address (“1111 1111”). If 
the contents of the address field in frame matches either of these address, the SIO 
starts reception. 


Interrupt on the first received character 


This mode is generally used for the block transfer using the wait/ready 
capability. In this mode, the SIO generates the interrupt only on the first 
character. The status flag of this interrupt is latched, so that command 4 (to be 
enabled by the next received character) of WRO must be preset for re-initialization. 
When the external/status interrupt is set, an interrupt occurs every time the DCD 
changes. This interrupt also occurs when the special receive condition is satisfied. 


Interrupt on all received characters 


In this mode, the SIO generates an interrupt on all received characters. When 
the status affect vector has been set, the SIO generates a special vector on the 
special receive condition interrupt. 


Special receive condition interrupt 


Using the special receive condition, the interrupt on the first received character 
or the interrupt on all received characters must be selected in advance. The 
receive overrun status of the special receive condition interrupt is latched. The 
status bit can be reset by the error reset command (WRO command). 


CRC check 


The receive CRC check is reset when the open flag at the head of a frame is 
received. CRC calculation is performed on the subsequent characters up to the 
close flag. In the SDLC mode, the transmit CRC is inverted, so that a special check 
sequence is used. The check must end with “0001 1101 0000 1111.” Since SIO 
handles the CRC character as a data, the MPU must discard it after reading it. 


End of transmission 


When the SIO receives the close flag, the end-of-frame-bit is set to indicate that 
the close flag has been received. When the status affect vector has been set, the 
special receive condition interrupt occurs and the interrupt vector is output. Any 
frame can be aborted by abort transmission. When the external/status interrupt 
has been set, the interrupt occurs and the break/abort bit in RRO is set. 
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3.6.4 SIO Status Transition Diagram and Basic Timing 


[1] Status Transition Diagram © 


Figure 3.6.7 shows the SIO status transition diagram. 
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Figure 3.6.7 (b) State Transition Diagram 
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Figure 3.6.7 (a) SIO Status Transition Diagram 


MPUZ80-682 


170489 


TOSHIBA 








Synchronous mode 
transmission 
Synchronous character 
feed (TXD) 


TxD telminals — 





TxC INPUT 


(a) 
o™ 
Oo 


— | 
CE, IORQ=0 
RD=0 


a : Write transmission 
a 1 data character 


Transmission interrupt 


Transmission ——_— 
(TxD) 


End of 
transmission ? 


YES 


ee 


NES 


CRCfeed ~— [re > CRC (DO~D15) 


NO End of 
CRC feed ? 


YES 


Synchronous — {=~ ~~~ 
character feed 

End of frame 

transmission 


SYNCH1 (DO~D7) 


SYNCH2 (DO~D7) 





170489 


Figure 3.6.7 (c) State Transition Diagram 
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Figure 3.6.7 (d) SIO Status Transition Diagram 
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[2] 


Basic Timing 


Figure 3.6.8 shows the timing in which data or a command is written from the MPU 
to the SIO. Figure 3.6.9 shows the timing in which data is read from the SIO to the 
MPU. Figure 3.6.10 shows the interrupt acknowledge timing in which the MPU gives 
an interrupt response to the SIO’s interrupt request to set the IORQ pin to “0” several 
clocks after setting the M1 pin to “0” as the acknowledge signal. To maintain the 
interrupt serviced state in daisy chain structure, the interrupt request state cannot be 
changed while M1 is active. 

Figure 3.6.11 shows the timing in which the return from interrupt is performed. 

Figure 3.6.12 shows how the daisy chain structure works. First, suppose that the SIO 
is servicing interrupt. When the PIO issues an interrupt request immediately before the 
first byte “EDH” of the RETI instruction is decoded with M1 being active, “IEO” of the 
PIO goes “0”. However, when “EDH” is decoded, the PIO’s interrupt request is not 
acknowledged. Therefore, the PIO’s “IEO” returns to “1”. When the second byte “4DH” 
is decoded, the SIO’s “IEO” returns to “1”. Therefore, the “IKI” and “IEO” of each 
peripheral LSI at this point of time all go “1”, or out of the interrupt serviced state. The 
PIO keeps the INT pin at HQ? until this state is set. Then, the interrupt is serviced 
starting with the peripheral device of the higher priority. 
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Figure 3.6.8 Write Timing 
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Figure 3.6.9 Read Timing 
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Figure 3.6.10 Interrupt Acknowledge Timing 
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Figure 3.6.11 Return Timing from Interrupt 
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Figure 3.6.12 Daisy Chain at Execution of RETI Instruction 
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3.6.5 SIO Operational Procedure 


The following mainly describes the meaning of each bit of the write and read 
registers. Special attention should be directed to the fact that the parameters of the 
write register (WR4) should be set before the others. 

Some registers can use only a signal channel. The I/O addresses listed in Table 3.6.2 
must be specified to write the control word and read/write data on the SIO. 


Table 3.6.2 1!/O Addresses 


1/O function |/O address 


Channel A data 








Channel A command 
Channel B data 


Channel B command 
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[1] Write Registers 


1 |WR 0; Write register 0 


Table 3.6.3 Configuration of Write Register 0 


CRC reset code Primary command bit Register pointer bit 
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Bits DO through D2: Register pointer bits 


These bits specify the register on which read/write is performed by the next byte. 
When read/write is completed, the register pointer points to WRO. 


Bits D3 through D5: Basic command bits 
e Command 0 (=000): No operation 


This command only sets the register pointer without making the SIO operate. It 
is used to invalidate the command in the command chain for the SIO or hold the 
location at which a command is inserted in the command chain if required. 


e Command 1 (=001): Abort sequence generation 


This command is used to generate the abort sequence (7 or more consecutive 
“1”s). Note that command 1 is used only in the SDLC. 
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@ Command 2(=010): External/status interrupt reset 


Once an external interrupt or a status interrupt has occurred, the status bit of 
RRO is latched. This command is issued to enable the RRO’s status bit in order to 
enable the interrupt again. 


e Command 3 (=011): Channel reset 


This command performs generally the same operation as when the RESET pin 
is set. The difference is that reset is performed only on a single channel. The 
command for channel A resets the interrupt priority circuit as well. 


6 Command 4(=100): Enable the interrupt at the next character reception. 


This command is used to enable an interrupt when the end of block a data block 
has been detected followed by the reception of the next block. 


e Command 5 (=101): Reset transmit interrupt pending 


If the transmit buffer becomes empty in the transmit interrupt enable mode, an 
interrupt occurs. This command is used to disable the transmit interrupt when 
there is no data in the transmit buffer. 





e Command 6 (=110): Error reset 


The error (parity or overrun error) caused in block transfer is latched in bits D4 
and D5 of RR1. This commands is used to clear these bits. 


e Command 7 (=111): Return from interrupt 


This command performs the same operation as the operation required to execute 
the RETI instruction on the SIO’s data bus. Therefore, non-Z80 MPUs (that is, 
systems using no RETI instruction) can use the daisy chain in the SIO. This 
command is available only on channel A. 


Bits D6 and D7: CRC reset code 


These 2 bits allow the programmer to select between the receive CRC checker reset, 
the transmit CRC generator reset, and the transmit underrun/EOM reset. 


Table 3.6.4 List of Reset Command Codes 
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2 |WR 1; Write register 1 | 


Table 3.6.5 Configuration of Write Register 1 


statu 
Select Receivin affect 

receiving / interrup vector 
transmission mode 


Wait / ready 


Select 
function 
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Bit DO: External/status interrupt enable 

When this bit is set, an interrupt is generated at the start of sync character 
transmission even if the execution is terminated upon detection of break/abort, the 
DCD, CTS or SYNC signal has changed, or the transmit underrun/EOM latch is set. 
Bit D1: Transmit interrupt enable 

When this bit is set, a transmit interrupt is generated upon the transmit buffer 
becoming empty. 
Bit D2: Status affect vector 

When this bit is set, bits D1 through D3 (V1 through V3) of WR2 is changed. When 


this bit is not set, the same interrupt vector as the contents of WR2 issued. Note that 
this bit is available only on channel B. 
Bits D8 and D4: Receive interrupt mode 


These bits are used to select a receive interrupt mode. 


Bits D5 through D7: Selection wait/ready functions 


These 3 bits are used to select a W/RDY pin function. The wait or the ready function 
is selected by program and they are not used simultaneously. The meaning of these bits 
are: 


e When D5 is set to “1” , it indicates that the W/RDY pin responds to the receive 
buffer; when D5 is reset to “O”, it indicates that the pin responds to the transmit 
buffer. 


e When D6 is set to “1”, the W/RDY pin functions as the READY pin; when D6 is 
reset to “0”, the pin functions as the WAIT pin. 
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@ When D7 is set to “1”, the wait/ready function is enabled;when D7 is reset to “0”, 
the function is disabled. 


For example, when D7, D6, and D5 are “1”, “1”, and “O” respectively, and the transmit 
buffer is full, the READY pin goes “1”, when the transmit buffer is empty, the pin goes 
a 

Table 3.6.6 shows the summary of the above description of bits D3 and D4 and D5 
through D7. 


Table 3.6.6 List of Receive Interrupt Mode Codes 


Receive interrupt mode 
Receive interrupt disable ae a 
Interrupt on first received character or special receive condition* a 


Interrupt on received character or special receive condition* 


Interrupt on received character or special receive condition 
* (except for parity error) — 
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*Special receive conditions: 

e End of frame (in SDLC mode only) 
e Receive overrun error 

e Parity error 

@ Framing error 


Table 3.6.7. Wait / Ready Select Function (D5 through D7) 


: : Buff D7 D5 
raion! [amore] ——Saersare_—_ | 07 | oe | os 
of Reo 


aa cam transmit buffer is full and 
WAIT the SIO data port is selected. 
Floating |The transmit buffer is empty. 









The transmit buffer is full. 
ENABLE Ot tow | The transmit buffer is empty. 


The receive buffer is full. 
WAIT | tow ag receive buffer is empty 
and the SIO data port is 


tow fan the 


READY | Low The receive buffer is full. 
The receive buffer is empty. 
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3 |WR 2; Write register 2 


Table 3.6.8 Configuration of Write Register 2 





Ls 


Subject to change under different 
interrupt conditions if the status- 
affect vector bit is set. 
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This write register is the interrupt vector register. When bit D2 of WR1 (B channel) 
is not set, the interrupt vector is issued. When bit D2 of WR1 (B channel) is set, bits D1 
through D3 (V1 through V3) are changed depending on the interrupt generation 
condition. This time, the contents of WR2 remain unchanged. Because WR2 is available 
only on channel B, WR2 must be programmed even if only channel A of the SIO is used. 

Table 3.6.9 shows the WR2 bit states in the interrupt condition with the status affect 
vector being set. 


Table 3.6.9 Channel Interrupt Condition Codes 


Interrupt condition V3 

Transmit buffer empty ew 

Change of external /status tek 

Received character condition available L soe 

Special receive condition* hee 4 

Transmit buffer empty 

° ee 

| 1 


NO 


V1 






1 





1 
1 1 


1 


Change of external / status 
Received character available 


Special receive condition* 


1 
1 1 
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*Special receive conditions: 

® End of frame (in SDLC mode only) 
e Receive overrun error 

e Parity error 

® Framing error 
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4 |WR3; Write register 3 


Table 3.6.10 Configuration of Write Register 3 


Prohibit 
synchro- Enable 
nous receiving 
character 
load 


Enable Address 
receiving search 
mode 


Receiving bit Auto 
/ character enable CRC 
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Bit DO: Receive enable 





When this bit is set, the receive operation starts. Because this bit is used to start the 
receive operation, it must be set after the receive-associated programming has been all 
completed. 


Bit D1: Sync character load inhibit 


When this bit is set in the syne mode, the sync character is not loaded into the receive 
buffer. This bit is used to remove the sync character and idle sync from the received 








characters. 
Bit D2: Address search mode 


When this bit is set in the SDLC mode, any message having a programmed address or 
an address other than the global address (FFH) is not received by WR6. Therefore, the 
receive interrupt does not occur unless an address match occurs. 


Bit D3: Receive CRC enable 


When this bit is set, CRC calculation starts at the start of the last data transfer from 
the receive shift register to the receiver buffer. 


Bit D4: Enter hunt Phase 


When the establishment of synchronization is required, set this bit to enter the SIO 
into the hunt phase. The hunt phase is automatically cleared upon establishment of 
synchronization. 


Bit D5: Auto enable 





When this bit is set, the transmitter is enabled at the time the CTS pin is “O”. When 
the DCD pin is “0”, the receiver is enabled. 
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Bits D6 and D7: Receive character length 


These bits are used to specify the number of receive bits which make up one en eecen 
(character length). Table 3.6.11 shows the number of bits per character. 


Table 3.6.11 Receive Character nee Codes 
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5 |WR4; Write register 4 


Table 3.6.12 Configuration of Write Register 4 





D7 D6 D3 D2 
Clock mode Synchronous mode 
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Bit DO: Parity enable 


When this bit is set, 1-bit transmit data is added to the number of bits specified by D6 
and D7 of WR3 and the data is received in the resulting number of bits. If a character 
length other than 8 bits is selected, the added parity bit is set to the MSB side to be 
transferred to the receive data FIFO. When the 8-bit character length is selected, the 
parity bit is not transferred to the receive data FIFO. 


Bit D1: Parity even/odd 


This bit is used to determine whether to perform transfer and check in even or odd 
parity. (Even parity = “1”, odd parity = “0”) 


Bit D2 and D3: Stop bit length 


These bits are used to select the stop bit length in the asynchronous mode. In the 
synchronous mode, both D2 and D3 must be set to “0”. 
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Table 3.6.13 Stop Bit Length Codes 
[memos —SCSC~=‘“‘“wRSCS*C*dSCi CS 
Pisopbscharacer SYS 
[rssopbis/chaacer «dt 
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Bits D4 and D5: Syne mode 
These bits are used to select the syne mode. 


Table 3.6.14 Sync Mode Codes 


[sincmede OC 
[ebincmode ———SSSC«d 
[seieaynemede(biynemeds) fo | + 
[spicmode eg caracer:7e0) | 1 | 0 


Bits D6 and D7: Clock mode 
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These bits are used to select the factor between the transmit/receive clock and the 
data transfer rate. In the synchronous mode, the X1 clock mode must be set. In the 
asynchronous mode, the transmit side and the receive side must have the same factor. 


Table 3.6.15 Clock Mode Codes 








Clock mode 
(data transfer rate) 


Ea 
Xx 1 data transfer rate 0. 4. oe 
x 16 data transfer rate I se | 

Ct 







x 32 data transfer rate 
x 64 data transfer rate 
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6 {|WRS5; Write register 5 


Table 3.6.16 Configuration of Write Register 5 


Transmit bit Break Enable Enable 
/ character trans- trans- CRC trans- 
mission mission mission 
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Bit DO: Transmit CRC enable 


When this bit is set at the time the transmit data is loaded from the transmit data 
buffer into the transmit shift register, the CRC calculation is performed on that data. If 
this bit is not set, the CRC calculation and transmission are not performed in the 
transmit underrun state in the synchronous or SDLC mode. 


Bit D1: Request to send 


When this bit is set, the RTS pin goes “0”. When this bit is not set, the RTS pin goes 
“1”. In the asynchronous mode, the RTS pin goes “1” when the transmit buffer becomes 
empty. In the synchronous or SDLC mode, this bit state is followed by the RTS pin state. 


Bit D2: CRC-16/SDLC 


When this bit is set, the CRC-16 polynomial (x16 4 x154 x%%41) is selected. When 
this bit is reset to “0”, the CRC-CCITT polynomial (X164x124 54-1) is selected. 


Bit D3: Transmit enable 


When this bit is set, the transmitter is enabled. Even if this bit is reset to “0” after 
the start of transmission, the sync character and the data being transmitted are 
transmitted to the last. 


Bit D4: Transmit break 


When this bit is set, transmitting any data forcibly puts the transmit data line (TxD 
pin) in the space state. When this bit is reset to “0”, the TxD pin is put in the marking 
state. 


Bits D5 and D6: Transmit character length 


These bits indicate the character length of transmit data. 


MPUZ80-698 


TOSHIBA TMPZ84C015A 


Table 3.6.17 Transmit Character Length Codes 


Bits / character | D6 | 
ee 
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As shown in Table 3.6.17, for the transmission of less than 5 bits (4 bits or 3 bits) per 
character, D6 and D5 are “0” and “0”, which do not indicate how many bits the transmit 
data consists of. To solve this problem, the data characters must be processed by the 
format shown in Table 3.6.18. Note that D indicates data. 

Table 3.6.18 Data Transfer Format with Transmit Data a of Less than 5 bits 
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Bit D7: Data terminal ready 


This bit indicates the DTR pin state. When this bit is set, the DTR pin goes “0”, when 
it is reset, the DTR pin goes “1”. 


7 |WR6; Write register 6 


Table 3.6.19 Configuration of Write Register 6 


D7 D6 D5 D4 D3 D2 D1 DO 


SYNC 
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[2] 


This register is programmed as follows: 


@ In the externalsync mode : Transmit sync character 
e In the monosync mode : Transmit sync character 
e In the bisyne mode : First syne character 
® In the SDLC mode : Slave station address 


8 |WR7; Write register 7 


Table 3.6.20 Configuration of Write Register 7 
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This register is programmed as follows: 


e Inthe monosync mode : Receive sync character 
e In the bisync mode : Second sync character 
e In the SDLC mode : Flag character (7EH) 


This register is not used in the external sync mode. 


Read Registers 


1 |RRO; READ REGISTER 0 


Table 3.6.21 Configuration of Read Register 0 


Trasmission ios 
underrun buff Interrupt 


Receiving 


roe pending | raracter 





Used with the external / status interrupt 
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Bit DO: Receive character available 


This bit is set when the receive buffer holds characters of 1 byte or more. This bit is 
reset when the buffer becomes empty. 


Bit D1: Interrupt pending 


This bit is set when an interrupt occurs in the SIO regardless of the interrupt 
condition type. This bit is available only on channel A. 


Bit D2: Transmit buffer empty 


This bit is set when the transmit data buffer becomes empty or the SIO is reset. 
However, in the sync and SDLC modes where the CRC character is being transmitted, 
bit D2 is reset. 


Bit D3: Data carrier detect 


This bit indicates the DCD pin input state. This bit is latched when the 
external/status interrupt occurs. 


Bit D4: Sync/hunt 





The meaning of this bit depends on the operation mode: 
(i) | Asynchronous mode 


Bit D4 indicates the SIO’s SYNC pin state. When the SYNC pin state changes, 
the external/status interrupt occurs. 


(ii) External sync mode 


When synchronization has been established by the detection of external 
synchronization, the last bit of the syne character must be set to “0” at the second 
RxC falling edge from the rising edge of the received RxC. That is, to set the SYNC 
input to “O” by the external circuit after the detection of synchronization, full 2 
receive cycle clocks must be awaited. 

When the SYNC input goes “0”, the sync hunt bit is set. When synchronization 
is lost or the end of message is detected, the enter hunt phase bit is set. 


(iii) Internal sync mode 


In the monosync and bisync modes, bit D4 is initialized to “1” by the enter hunt 
phase command (D4 of WR8). This bit is reset when the SIO detects the sync 
character. 


(iv) SDLC mode 


Bit D4 is set when the receiver is disabled or the enter hunt phase command is 
issued. Then, when the frame open flag is detected, this bit is reset. 
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Bit D5: Clear to send 
This bit indicates the opposite of the CTS pin input state. 
Bit D6: Transmit underrun/EOM 


This bit is set when the SIO is reset (including channel reset). Only the reset 
transmitter underrun/EOM latch command (WRO bits D7, Dé=“1”, “1”) can reset this 
bit. When the transmit underrun state occurs, the external/status interrupt is 
generated. Bit D5 is also used to control transmission in the syne or SDLC mode. 


Bit D7: Break/abort 


In the asynchronous mode in reception, this bit indicates the break state detection. 
When the break state is detected, this bit is set, generating the external/status 
interrupt. This bit is reset by the external/status interrupt reset command. 


After break, the external/status interrupt is generated again. In the SDLC mode, bit D7 
is set when the abort sequence is detected, generating the external/status interrupt. 


2 }RR1; READ REGISTER 1 


Table 3.6.22 Configuration of Read Register 1 


Receiving Feed 
overrun all 
error characters 
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Bit DO: All sent 


In the asynchronous mode, this bit is set when all characters are sent from the 
transmitter or there is no transmit data in the SIO. In the synchronous mode, this bit is 
always set. | 


Bits D1 through D3: Fraction codes 


Normally, I field is an integral multiple of character length. If it is not, these bits 
show the number of fraction bits. These codes are effective only for the transmission for 
which the end of frame bit is set in the SDLC mode. 


Example: Figure 3.6.13 shows examples of fractions in which the number of 
bits/character at the end of I field is 8 bits (1) and 4 bits (2). 
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yy 
1 field ® 


1 field | 





) 
‘ 


ee 
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Figure 3.6.13 Examples of Fraction Bits Field 


Table 3.6.23 (a) shows the fraction codes for the receive character whose character 
length is 8 bits. 





Table 3.6.23 (a) Bit Patterns by Fraction Bits at End of | Field 


| Number of fraction bits at end of | field 
1 byte before 2 bytes before 
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The same table can also be provided for each character length when the receive 
character length of I field is other than 8 bits. 
Table 3.6.23 (b) Bit Patterns by Number of Bit 
| / Character (No Fractions) 


5 bits / Character 0 0 1 
0 1 
0 0 
0 1 
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6 bits / Character 
7 bits / Character 
8 bits / Character 
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Bit D4: Parity error 


This bit is latched when the parity select bit (D0 of WR4) is set and a parity error is 
detected in the receive data. Latch can be cleared by the error reset command (WR0O bits 
D5, D4, D3 — a ia i Ce 0): 


Bit D5: Receive overrun error 


The receive data FIFO holds up to 3 characters. When more characters are received 
without read out by the MPU, the excess character is set to the receive FIFO. When this 
character is read by the MPU, this receive overrun error is set. Once set, bit D5 latches 
that state. When the error reset command (command 6 of WRO bits D3 through D5) is 
written, this bit is also reset. 


Bit D6: CRC/framing error 


In the asynchronous mode, this bit is set when a framing error is detected in the 
received character. Because this bit is not latched, it is always updated. 

In the synchronous and SDLC modes, this bit indicates the transmitted CRC check 
result. This bit is reset when the error reset command (command 6 of WRO bits D3 
through D5) is written. 


Bit D7: End of frame 


This bit is set when the end flag is detected in the receive data and the CRC check and 
the fraction code are found normal. This bit is reset when the error reset command 
(command 6 of WRO bits D3 through D5) is written. This bit is used only in the SDLC 
mode and is updated when the first character of the next frame is received. 


3 |RR2; Read register 2 


Table 3.6.24 Configuration of Read Register 2 


D7 D6 D5 D4 D3 D2 D1 DO 


Interrupt vector 


Ln coer ect ete ed 


Subject to change under different interrupt 


conditions if the status-affect bit is set 
170489 


MPUZ80-704 


TOSHIBA TMPZ84C015A 


When the status affect vector bit (D2 of WR1 (Channel B) ) is set, bits V3 through V1 
are changed depending on the interrupt condition at the time. The vector to be read is 





determined by the interrupt condition having the highest priority at the time of read. 


When the status affect vector bit is reset, the contents of this register are the same as 


those of WR2. 
3.6.6 Using SIO 


The following describes some system examples using the SIO. Figure 3.6.14 shows an 
inter-processor communication system. In this example, the MPU on the left side 
controls the data transfer with the modules on the right side. Both diagrams shown in 
Figure 3.6.14 (a) and (b) are communication systems. As shown, the SIO is used to 
interface with external devices in data communication. The greatest advantage of the 
SIO is the smaller number of data lines than parallel communication. 


/receiver 









RSXYZ 
driver 
/receiver 


RSXYZ 
driver 
/receiver 


Figure 3.6.14 (a) Example of Data Communication Between Processors 


RS232C 










; Data linking 
driver/ for remote 
receiver processor 


Chnnel No.2 
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Figure 3.6.14(b) Example of Data Communication Between Processors 
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3.7. STANDBY CAPABILITY 


— 


When a HALT instruction is executed, the TMPZ84C015A is put in one of the Run, 
Idle-1, Idle-2, or Stop mode depending on the contents of the halt mode setting register 
(#FO:bit 4, bit 3:HALTMR). (However, the TMPZ84C015A is put in the Run mode 
immediately after the reset operation by the RESET pin.) The halt mode setting register 
is set as follows. For the description and timing of each mode, see Subsection 3.3 “CGC 
Operations. ” 

The halt mode setting register is assigned to bits 4 and 3 of address FO in the I/O 
address area. The halt mode is releasad by the interrupt (the nonmaskable interrupt by 
the NMI pin or the maskable interrupt by the INT pin) or by the reset through the 
RESET pin. A maskable interrupt is accepted when the MPU is in the EI state (in the 
state after the execution of EI instruction). A nonmaskable interrupt is accepted 
unconditionally. When an interrupt is accepted, the interrupt processing starts. 

When the MPU is in the DI state (after the reset operation and the execution of DI 
instruction) with maskable interrupt, the TMPZ84C015A returns to the halt mode after 
executing a HALT instruction (actually a NOP instruction). 


Setting Halt Mode 


Duplicate control is provided to prevent the stop of the watchdog timer operation 
which may be caused by the halt mode setting error due to program runaway. 

The halt mode is set by the halt mode setting register (HALTMR) and the halt mode 
control register (#F 1:bits 7 through 0:HALTMCR). Figure 3.7.1 shows the contents of 
the halt mode control register (HALTMCR). Figure 3.7.2 shows the contents of the halt 
mode setting register (HALTMR). 
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Address F1 : 2 : : : ? 
(HALTCR) 1 1 0 1 1 0 1 
Write only 
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Figure 3.7.1 Halt Mode Control Register (HLTMCR) 


7 6 5 4 3 2 1 0 


Address FO Write 






a“ 


See 3.8 Watchdog Timer. Always write “011”. 


0 O = IDLE1 

0 1 = IDLE2 

i O = STOP 
* 1 1 = RUN 


7 6 5 4 3 


2 1 0 
Address FO Write 
L__________ 


See 3.8 Watchdog Timer. Read written data “011”. 


(Note) *: State after reset 
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Figure 3.7.2 Halt Mode Set Register 


Figure 3.7.3 shows the device states in the halt state with the CLKOUT pin connected 
to the CLKIN pin. | 
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Owe Operating 
ee Stop | 
Note : CLKOUT and CLKIN must be connected. 


Figure 3.7.3 Device States in Halt State 


For the halt mode in which the clock is supplied from the CLKIN pin (with the CGC 
oscillator unused), the Run mode must be used. 


3.7.2 Halt Mode Setting procedure 
After reset, the halt mode is changed to the Run mode. Figure 3.7.4 shows the 


procedure to set anew mode. 
START 


Write Data “DB” 
into F1 address 
(HALTMCR) 







Write new mode 
into address FO. 
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Figure 3.7.4 Setting Halt Mode 
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3.8 WATCHDOG TIMER 


The watchdog timer (WDT) detects an operation error caused by the program 
runaway to return to the normal operation. 


3.8.1 Block Diagram of Watchdog Timer 


Figure 3.8.1 shows the block diagram of the watchdog timer. 










WDTOUT 
#FO 

WDTPR -—> enable 

(Bits 6 and 5) —> 
216 

P 22-step binary counter 

(WDTCLK) — for watchdog timer 
reset 





B1H WDTE 


[| 4EH write write 


Watchdog timer control 
register #F1 (WDTCR) 






Watchdog timer 
enable register 
#FO (WDTER) 








Internal data bus 
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Figure 3.8.1 Block Diagram of Watchdog Timer 
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3.8.2 Setting watchdog Timer 
(1) Enabling the watchdog timer 


The watchdog timer can be set by the watchdog timer enable register (#FO:bit 
7:WDTER) and the watchdog timer periodic register (#F0:bit 6, bit 5:WDTPR). 


7 6 5 4 3 2 1 0 


Address FO 
Write 





See 3.7 Always write “011”. 
Standby 
functiuon 
0 = TcC*216 
1 = 1TcC+#218 
0 = TcC+*220 
= 22 
ere (TcC:Master clock) 
*1 = Enable 
0 = Disable (Note) *: State after reset 
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Figure 3.8.2 Enabling Watching Timer 


(2) Disabling the watchdog timer 


The watchdog timer can be disabled by disabling the watchdog timer enable register 
(WDTER) then writing data “B1” in the watchdog timer control register (#F1:bit 7 
through bit 0:WDTCR). 

This function has a duplicate structure to prevent the watchdog timer setting error, 
which may lead to the watchdog timer operation stop, caused by program runaway. 


Address FO t ° 2 4 . ‘ 


1 0 


0 = Disable See 3.7 Always write "011". 
Standby 
| function 
Address F1 
(WDTCR) 1 0 1 1 0 0 0 1 
Write only 
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Figure 3.8.3 Disabling Watchdog Timer 
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(3) Clearing the watchdog timer 


The watchdog timer can be cleared by writing data “4E” in the watchdog timer 
control register (WDTCR). 


Address F1 i : 3 : ‘ 
(WDTCR) 0 1 0 0 1 1 1 
Write only 
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Figure 3.8.4 Clearing Watchdog Timer 


Address FO 7 6 : 4 3 2 1 0 


(Read) wore} _worer | Harmer | O | 1 | 1 
a a 








See 3.7 Read out writen data”011" 
Standby 
function 
0 = TcC+216 
1 = TcC+218 
0 = TcC*220 
1 = TcC+#222 
0 = Disable 
1 = Enable 
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Figure 3.8.5 Reading Watchdog Timer Setting Register 


3.8.3 Watchdog Timer Output 


When the enabled watchdog timer is used, the “0” level signal is output to the 
WDTOUT pin after the duration of time specified in the watchdog timer periodic 
register (WDTPR). The output pulse width is one of the following two types depending 
on the WDTOUT pin connection: 


(1) The WDTOUT connected to the RESET pin:The “0” level pulse of 5TcC (System 
clock) is output. 


(2) The WDTOUT connected to a pin other than RESET pin :The “0” level pulse is 
kept output until the watchdog timer is cleared by software or reset by the RESET 
pin. 
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3.9 INTERRUPT PRIORITY 


The programmable interrupt priority register (#F4:bits 2 through O:INTPR) is 
provided to determine the interrupt priority for the CTC, SIO, and PIO in the 
TMPZ84CO15A. 


3.9.1 Setting Interrupt Priority 


Figure 3.9.1 shows the register to determine the daisy chain interrupt priority for the 
CTC, SIO, and PIO. 


Address F4 
(INTPR) 
Write only 







Priority order 





High Low 


*  CTC- SIO - PIO 
SIO - CTC- PIO 
CTC- PIO - SIO 
PIO - SIO - CTC 
PIO - CTC- SIO 
SIO - PlO- CTC = 


(Note) * State after reset 


HU HOM Ol 
Bees OOOO 
Qo--c00 
=-0O0-0-0 
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Figure 3.9.1 Interrupt priority Register (INTPR) 


Example: 


When “101” is written in address F4 (INTPR), the daisy chain interrupt priority is 
given as shown in Figure 3.9.2. 
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Figure 3.9.2 Daisy Chain Interrupt Priority 


MPUZ80-712 


TOSHIBA TMPZ84C015A 


4. ELECTRICAL CHARACTERISTICS 
4.1. MAXIMUM RATINGS 


SYMBOL ITEM RATING 
Vcc Supply Voltage with respect to Vss -0.5Vto +7.0V 
Input Voltage -0.5V to Vcc + 0.5V 


Power Dissipation (6MHz VERSION : TA = 85°C) 250mW 
(8MHz VERSION : TA = 70°C) 
TSOLDER | Soldering Temperature (Soldering Time 10 sec) 260°C 

TSTG Storage Temperature | ~ 55°C to 125°C 
6MHz VERSION -— 40°C to 85°C 

TOPR 
8MHz VERSION -— 10°C to 70°C 

4.2 DC Electrical Characteristics 


6MHz VERSION: TOPR=-—40°C to +85°C, VCC=5V 110%, VSS=0V 
8MHz VERSION: TOPR=-—10°C to +70°C, VCC=5V 45%, VSS=0V As 
1 


SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT. 
Clock Input Low Voltage | 
VILC 
oe 
7 Clock Input High Voltage 
VIG} (CLKIN) 
VIL Input Low Voltage 
(except XTAL1. RESET) 
VIH input High Voltage 
(except XTAL1. RESET) 
Input Low Voltage 
R 
EE 
Input High Voltage 
Output Low Voltage 
VOLC =2.0mA 
[vos | MEtkoun ai 
Output High Voltage 
VOHC Sion D: 0 
} vorc | (CLKOUT) IOH 2.0mMA VCC - 0.6 
Output Low Voltage 
VOL ee 
(except CLKOUT) peetere ans 
Output High Voltage 1 
VOH1 = -1.6mA 
(except CLKOUT) maleeeas 
Output High Voltage 2 os 
vone (except CLKOUT) pe lekibass ca 
Input Leakage Current VssS VINS Vcc 
3-state Output Leakage VssS Vout 
ILO ; 
Current in Float 













Operating Temperature 
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VCC - 0.6 VCC + 0.3 










Oo 


< 


VCC 





0.45 





VCC - 0.6 





l 
oO 
N Oo} N | i —) 
U1 NO W 


& 


VCC -0.8 


+ 
° 

ao 
> 


+ 
rs 

cS 
> 


< 
a 
a) 
5 isf<|<|<[<]<|<[<f<]<[<f<[ 


SVvcc 
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| | | (2/2) 

SYMBOL PARAMETER TEST CONDITION UNIT. 
VCC =5V_ 
fCLK =( 1) 





VIHC = VIHR = VIH 
= VCC-0.2V, 

VILC = VILR 
=VIL=0.2V 
VCC = 5V 





Power Supply Current 





















fCLK =( 1) 
Stand-by Supply Current | V/4C = VIH = VIHR 
(See Note (2) ) = VCC-0.2V, 
VILC = VIL 





= VILR =0.2V 
VCC = 5V 



















fCLK =( 1) 
Power Supply Current VIHC =VIH = VIHR 
(IDLE 1 Mode) = VCC-0.2V, 
VILC =VIL 
=VILR =0.2V 









VCC =5V 










fCLK =( 1) 
Power Supply Current VIHC = VIH = VIHR 
(IDLE 2 Mode) =VCC02Y, 
VILC =VIL 


= VILR =0.2V 
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Note1l: fCLK=1/TcC (MIN) 

Note2: ICC2Stand-by Supply Current is guaranteed only when the supplied clock is stopped ata 
low level during T4 state of the following machine Cycle (M1) next to OP code fetch Cycle 
of HALT instruction. 

Except SYNCA =0 or SYNCB=0 state 
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4.3 ACELECTRICAL CHARACTERISTICS (1) (in Active State) 
6MHz VERSION : TA=—40°C~85°C, VCC=5V £10%, VSS=0V 


8MHz VERSION : TA=—10°C~70°C, VCC =5V £5%, VSS=0V 
(8MHz Version guarantee AC characteristics in only Active State.) 


4.3.1 AC Characteristics of MPU (in Active State) 
TMPZ84C015AF-6 TMPZ84C015AF-8 
a oe | eee 


Tdcr (A) aa Address Valid 


TdA (MREQf 


(1/3) 










4] 
= | a 
‘anne 
a) 
O° 
a 
a 
ae 
2 
a 
3 
(ap) 








TdCf 





) 
(MREQf) 
TdCr (MREQr) 
TwWMREQh 
TwWMREQI 
TdCf (MREQr) 
TdCf (RDf) 
TdCr (RDr) 
7 fawarrtch | WATTSewpTine took [a 
THWAIT (Cf) | WAIT Hold Time after 


2) 
fe) 
ie) 
ae 
= 
ctr 
ro) 
< 
ee) 
m 
re) 
= 
UO 
oO 
m 
-< 





a 


10 





—_— 
—_— 
< 
ee) 
Mm 
_@) 
uU 
Cc 
wn 
om 
ee 
ot 
_— 
= 
2) 
= 
asl 
—_ 
WwW 
ea) 


NI 
> 
S| 5 
rn} O- 
= 
D| o 
"Nn 
—rn 
0 < 
Do 1 
= 1 
< & : : 
x : ot 
O 
he 
on 





O 
@) 
O 
a5 
e~— 
oF 
Oo 
< 
“WO 
m 
re) 
> 
gO 
2 
red] 
we 


12 


BR] Ww 
A;Oo 
o | 0 
a io) 
RnR | nw 
—> | 
+ | st 
Oo 10 
al S| 
OU, ; O 
—> | e— 
O;,O 
© | oO 
mw w 
<_< |< 


on 


< 
Bs 
m™ 
1) 
a 
c 
n 
a. 
ctf 
> 
= 
a 
= 
bene 


ioe) 


Clock | 


M1f) Clock T to M1 | Delay 


TdCr M1 


i<e) 


No 
© 


TdCr (Mir) Clock f to M1 7 Delay 


i! 
ce 
TdCr(RFSHf) | Clock }toRFSH| Delay = | — 
ea 
es 
a 


RO 
= 
V—V—_— 
— 
= 
© 


NO 
NO 


N 
ies) 


( ) 
TdCr (RFSHr) Clock T to RFSH 7 Delay 
TdCf (RDr) Clock | to RD 7 Delay 
TdCr (RDf) Clock T to RD | Delay 


24 
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(2/3) 


TMPZ84C015AF-6 TMPZ84C015AF-8 
NO. SYMBOL PARAMETER (6MHz) (8MHz) UNIT 
Pans [ye. [wax [wins [1ye. [ax 
Data Setup to 
25 | TsD (Cf) Clock | during M2, M3, M4 30 ns 
or M5 Cycles : 
Address Stable prior 
2 RQf easiest 110 
[2 fraacoran | fet ia 


27 |TdCr (IORQF) 
28 |TdCf (IORQr) 
29 | TdD (WRf) Data Stable Prior to WR | 

av recent” [cea way 
Paraawec—[ 
ce oC 
feb wat [we sable rr AL | 
+ fectwad | emer o Day 
5 rawr) | basal fon FE 
36 |TdCf (HALT) 
7 [enon [Wires 


BUSREQ Setup Time to 
TSBUSREQ (Cr) Clock } 
; BUSREQ Hold Time after 
ThBUSREQ (Cr) Clock ? 


40 |TdCr(BUSACKf) | Clock } to BUSACK | Delay 
41 |TdCf(BUSACKr) | Clock | to BUSACK 7 Delay 


42 |TdCr (Dz) Clock f to Data Float Delay 

















ns 


NS 
Oo ie) 


= =) 
7) 


> 


NO 
ut 


=) 
7) 


Ww 


BOO OOS 
+ 
< 
Lali 
2) 


=) 
vn 


<t (Ca WW WI 
© © © U1 
—> 
fon) 
© 
ui Ol 
on Loa 
wn LV) - iF) rh Ww iva) nn 


ns 


=) 
wn 


=) 
w 


38 


39 


3 


No 
NO 
on 


=) 


NO 
Oo SN NS SW] Oo 
© © Oo o;}u 





=) 
“n 


70 


=) 
7) 






Clock f to Control Outputs 
Float Delay 
(MREQ, IORQ, RD, and WR) 


44. |TdCr (Az) tie to Adress Float 


45 


43 | TdCr (CTz) 








—_ & _ Oo 
© © ur v1 


n 


nn 


TdCr (A) 


TSRESET (Cr) RESET to Clock T Setup Time 


47 |ThRESET (Cr) RESET to Clock } Hold Time 
TsINTF (Cr) INT to Clock f Setup Time 


SN 
(o>) 
72) 7) nn 








> 


n nn 


" 


ro) 
mio] & NO 
wajotun oO 





NW jo WwW 
oO} © ui 
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TMPZ84C015AF-6 TMPZ84C015AF-8 
PARAMETER (6MHz) (8MHz) 
MIN. Timin. | Tye. [Max 
INT to Clock ? Hold Time 


iaTioGoaqwaatme | vo | — 
TacF (ORO [Clock io TORO oaay | — | —_ 
| == 
ee) 





















Ce 
z 
ae 


NO. SYMBOL 






49 
50 
51 
52 
53 


TsINTr (Cr) 


= 

5 x 

| v z 
. oO © = 
4 

as 

ame Ss 

a 
” 


TdCr (IORQr Clock T to |ORQ 7 Delay 


TdCf (D) Clock | to Data Valid Delay 
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4.3.2 AC Characteristics of CGC (in Active State) 








TMPZ84C015AF-6 TMPZ84C015AF-8 
NO. SYMBOL PARAMETER (6MHz) (8MHz) 
[ss [rwei eux _[ournurcockwarntow) | — | 70 | — | so] — | —_ 
CLKOUT restart time by 214+ 2144 
TINGS INT (STOP Mode) = oe =i = 
CLKOUT restart time by NMI 2144 2144 
jo ct (STOP Mode) bie aoe aS ei 
| CLKOUT restart time by 2.5 2.5 
emer” || eel =) * Lae 
CLKOUT restart time by NMI 2.5 2.5 
62 | TRST (NMI) I 
CLKOUT restart time by 
63 | TRST (RESET) | RESET Tc 
(IDLE 1/2 Mode) 
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4.3.3 AC Characteristics of CTC (in Active State) 
TMPZ84C015AF- 6 TMPZ84C015AF- 8 
NO. SYMBOL PARAMETER (6MHz) (8M <r UNIT 
Delay from M1 fall to IEO 
64 |TdM1 (IEO) fall (in case of generating 
only interrupt immediately 
before M1 cycle) 


p65 [rate (IEOf) Delay from IEl fall to IEO fall | — 70 oaaom 


Delay from IEI rise to IEO 
| TdlEl (IEOr) rise 
(after ED decode) 


CLK/TRG setup to TL 7 for 
, detection of interrupt 
. tsCTR (c) Satisfied 
67 | IsCLK (INT) 
tsCTR (c) not Satisfied 


CLK / TRG Frequency 
(counter mode) 


rCTR CLK/TRG rising time = 


fCTR CLK /TRG falling time f-]- | 
TwCTR1 CLK / TRG Pulse Width (Low) 120 | 











TcCTR 





— 


lh 


71 


72 |TwCTRh CLK / TRG Pulse Width (High) | 120 
CLK/TRG 7 to Clock 7 
Setup Time for Immediate 
count 

(counter mode) 


CLK/TRG 7 to Clock 7 

Setup Time for enabling of 
Prescaler on following 150 
clock 7 

(timer mode) 


73 | TsCTR (Cs) 





74 | TsCTR (CT) 110 





— 
= 
© 
n rn wn 


dc (ZC /TOr) Clock T to ZC/TO 7 Delay 


TdC(ZC/TOF)  |Clock | to ZC/TO | Delay p= | | 140 =| 
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= 
— 
So 


ae 
Ol 
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4.3.4 AC Characteristics of PIO (in Active State) 


TMPZ84CO15AF-6 | TMPZ84C015AF-8 
NO. SYMBOL PARAMETER (6MHz) (8MHz) UNIT 
Prana ferrowmrerere] TT | [fom fo 
[El Set-up time for lORQ fall 
7 1 Ss 


79 | TdlEl (IE?) Delay from El falltolEO fall] — | - | 70} — | — | 50] ns 


TdIEI (IEOr) Delay from IE! rise to IEO [ae 
rise 
Delay from clock fall to 
1 cei READY rise =| 
Delay from clock fall to 
ractrovy |RSS fs a 









= 
NO 
© 
3 


— 
ol 
© 


© 
— 
ul 
oO 
> 


iS) 
~n 





—_ 
NO 
jan) 


—_ 
~™ 
© 
— 
© 
© 
—k 
— 
© 
pa fajafalafele] = jelafale 
va) 7) 7) rv) n a) 7a) 


© 


3 


TWSTB (C) STROBE pulse width 


Set-up time of STROBE rise 
for clock fall 


—~n 


SS 


TsSTB (C) 100 


(in case of making READY to 
active by next cycle) 





Delay from IORQ rise to port 
data stable 
(Mode 0) 


= fe 
Port Data set-up time for 
TsPD (STB) STROBE rise 190 
(Mode 1) 


TdlO (PD) 


= 
Aa 
© 
3 








150 


87 | TdSTB (PD) 150 


~ 


Output Port data delay time 
from STROBE fall 180 
(Mode 2) 


Delay from STROBE rise to 
data float 
(Mode 2) 


SSTRB STROBE setup to TL 7 for 350 
detection of interrupt +T48 


Port data stable setup to 
TL for detection of inter- 
rupt (Mode 3) 





© 
co 


uo 


120 


ve) 


TdSTB (PDr) 


—_— 
oO 
i) 

Ww 

ui 

© 


> 


IsPD 


> 
n 


Data Hold time for STROBE 
rise 
(Mode 1) 


91 | ThPD (STB) 


fp 
© 
wn 
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4.3.5 AC Characteristics of SIO (in Active State) 
(1/2) 


TMPZ84CO15AF-6 | TMPZ84CO15AF-8 
SYMBOL PARAMETER (6MHz) (8MHz) UNIT 


| MIN. | TYP. MAX. | MIN. | TYP. | MAX. 


TsM 1 (C) M1 *% to clock 7 Setup time 75 


IEI | to TORQ | Setup time 

TsIEI (IO) (INTACK cycle) " 
M1 | to IEO | Delay 

TdM1 (1EO) (interrupt before M1) 
IEI } to IEO } Delay 

TdlEl (IEOr) (after ED decode) 


TdlEl (IEOF) IEI | to IEO | Delay 


IORQ | or CE | to 
TdlO (W/RWf) ‘| WIRDY | Delay 
(Wait mode) 


NO 


92 


93 


(°)) 
oO 
NO 
Oo 


> 


94 


= 
NO 
© 
=) 
n 


95 


—_ 
1Sa! 
© 


™~ 
© 
1 
ls 
| 
7, 


a7 


— 
NSN 
ol 


Clock * to W/RDY 
TdC (WIRRf) | delay 
(Ready Mode) 


[ee] 
© 
=) 
“” 


Clock | to W/RDY float 
delay (Wait mode) 


Pulse Width (High) 
TwPI Pulse Width (Low) 200 


TdC (W/RWZ) 


2) 


TwPh 


—_ 


0 


© 


TcTxC TxC cycle time 
103 | TwTxCl TxC Width (Low) 
104 | TwTxCh TxC Width (High) 


xC | to TxD delay 
x1 mode) 


C | to W/RDY | delay 
eady mode) 


aa 
Oo}; © 
NO 


=) 
WwW 7) 


+ 


105 | TdTxC (TxD) 


nm 


Nn rn (ve) —n —r nn nn 


— 


CLK 


TdTxC (W/RRf) Periods 
: 


NO - NO F RO —s 
(Oe a > ee en (oo) O1 
OT o;}o!]o& (on) (ap) 


A 
x< 
fof 


es) 


cRxC xC cycle time 


| 


a4)/H4 


wRxCl RxC Width (Low) 
wRxCh RxC Width (High) 


xD to RxC } Setup 
ime (x1 mode) 


RxC 7 to RxD hold time 
(x1 mode) 


> 


4 
5 
“ 


"2 —n 


TsRxD (Rxc) 


111 | THRxD (Rxc) 


wn 


RxC t to W/RDY 
112 | TdRxC (W/RRf) | | delay 
(Ready mode) 


CLK 
Periods 





NO —_ 
NO a 
© © 
NO 
Loa 
© 
— 
= © 
Ww I © 
> 
nn 


= 
(o>) 
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(2/2) 
| 6 TMPZ84CO15AF-8 
SYMBOL PARAMETER he el (8MHz) UNIT 
113 | TaRxc (SYNC) RxC 7 to SYNC | delay 5 CLK 
(Output mode) Periods 
SYNC | to RxC ae 
-1 -100 
115 |IsTxc TxC | Setup to es 5«T1 9471] 5471 9411 
detection of interrupt +T48 +748) +T48 +T48 
116 |IsRxc RxC ft Setup to TL 7 for 10471 13%71|10«T1 13411 a 
detection of interrupt +148 +T48| +T48 +748 
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4.3.6 AC Characteristic of WDT (in Active State) 


SYMBOL PARAMETER (6MHz) (8MHz) UNIT 
Oe ee 
| Clock f to WDTOUT J Delay | WDTOUT | Delay eee ues 120 | ns 
rie [recor coat wworour toemy | = [= [ws | =| =] 










aes 
WDTOUT Out put period 
WDT Mode 0 ns 
119 | TCWDT WDT Mode 1 ns 
WDT Mode 2 ns 
WDT Mode 3 ns 


030489 
Note 1: Timing Measurements are made at the following voltage. 

Input VIH=2.4V, VIL=0.4V, VIHC = VCC —0.6V, VILC =0.6V 

Output VOH =2.2V, VOL=0.8V (Exept CLKOUT) 

CL=100pF 
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44 ACTIMING CHARTS (1) (in Active State) 
4.4.1 AC Timing Charts of MPU (in Active State) 


Figures 4.4.1 through 4.4.8 show the basic timing charts. The circled numbers in 
these charts correspond to the numbers in the number column of the AC Electrical 
Characteristics Tables. 








T1 
S| lc <@G) 
Crom 
A0~A15 ‘ 
A7RF N 
= 
MREQ \ 
a5 | 
WAIT | , 
M1 “9 © 


> <@ Ot A @ 
DO~D7 Yinpt satay 
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Figure 4.4.1 Opcode Fetch Cycle 
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17 72 TW T3 
CLKIN \ \ \ 
ot | | [= 
AO~AI5 = prearem canter i] ee. 
MREQ ”) 5 
> <_(18) 
Om 
a or ea 
— CF 
RD nn 
Read operation 2©) 25) > Input data 
ee 
DOQ~D/7 \—~ yl =< h 
| Ree ter ad | 
2) 
error | 6) 
WR H aes | (42) 


Data output 


Write operation ~<(63)>|<-29) > 
DO~D/7 on 


Figure 4.4.2. Memory Read / Write Cycle 
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T2 TWw* TW T3 
CLKIN __ j A . 
Qu P Te 
ao~a7 | [| Portaddress || [cara 
Cif Fe (came 
@| 
Se, Ott oe Oo | 
WAT of | ee 
Leeder 
Input 
Le = - (25) —> =a Input data 
D0~D7 : : TR (7% 
me! ~ =e 
i <— 
Output Bs 3 
operation >| @ 
DO~D7 output data 


Notel: waitstate (TW*) is inserted automatically by MPU. Sana8e 


Figure 4.4.3 !/O Cycle 
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TL TT T2 TW: TW: TW T3 


eg ee _ aa | 
INT 


AQ~A15 | Programcounter | | | 
M1 } 
IORQ - 
WAIT 
DO~D7 





*1: VALID DATA 
Notes 1. TL: Last state of instruction 


2. 2- wait state (TW*) is inserted automatically by MPU 
300389 


Figure 4.4.4 Interrupt Request/Acknowledge Cycle 





LastMcycle M1 
TL T1 T2 T3 T4 15 
CLKIN | 
G7) < 
NMI ~~ 7 7 a we 
© ©) 
AO~A15 | XM Program counter ) Refresh address i) 
M1 
MREQ 
RD 
RFSH 
Note: NMlLis asynchronous, but its falling edge signal must occur synchronously with the rising 


edge of previous TL state for correct response to the subsequent machine cycles. 
300389 


Figure 4.4.5 Non-maskable Interrupt Request Cycle 
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L is 1 TX 11 
CLKIN j 
a 
: i 
USES eee cia 
masa g 
BUSACK C) 
| 
A0~A15 i: Floating state 
id | 
DO~D7 - Floating state : 
gue - Floatin 
det aeaens g state 
RD, R | > 4 
lIORQ 


S 
! 


HALT | Unchanged 





Notes 1. TL: Laststate of a given machine cycle 
2. Tx: Clock used by peripheral LSI that made request. 300389 


Figure 4.4.6 Bus Request / Acknowlege Cycle 


M1 of halt instruction 


M1 ——————>| 
T4 











Note: INT signal is also used for releasing HALT state. 300389 


Figure 4.4.7 HALT Acknowledge Cycle 
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Floating state | eC 





DO~D7 | Floating state 








HALT 300389 
Figure 4.4.8 Reset Cycle 


4.4.2 AC Timing Charts of CGC (in Active State) 


The following Figures show the timings in each operation mode with the CLKOUT 
pin connected to the CLKIN pin. 
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CLKOUT 











id 


| 


Z 
S 
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Figure 4.4.10 Clock Restart Timing (STOP Mode) 
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TOSHIBA 
T1 T2 T3 
CLKOUT i 
INT 
| 
NMI 
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Figure 4.4.11 Clock Restart Timing (IDLE1 Mode) 


cxout_/ WS WY / WS fs 











T1 T2 
Internal CLK 
| 

NMI 

; 300389 

Figure 4.4.12 Clock Restart Timing (IDLE2 Mode) 
T1 
CLKOUT FS VS NS NS NSN 

RESET 
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Figure 4.4.13 Timing of Clock Start by RESET (IDLE1 and IDLE2 Modes) 
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4.4.3 AC Timing Charts of CTC (in Active State) 
CLKIN args Ome, 
° 
M1 , 


IEO 


CLK /TRGO-3 
(Counter mode) 





CLK /TRGO-3 
(Timer mode) 


ZC/TOo-3 
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Figure 4.4.14 CTC Timing Diagram 


CLKIN 


CLK /TRGO-3 





TL: Last state of instruction 
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Figure 4.4.15 CTC Interrupt Occurrence Timing 
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4.4.4 AC Timing Charts of PIO (in Active State) 





CLK IN 





READY 

(ARDY OR BRDY) 
STROBE 

(ASTB OR BSTB) 


{ MODEO 


PAO~PA7 } MODE1 
PBO~PB7 





MODE2 
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STROBE 
(ASTB OR BSTB) 


PAQ~PA7 
PBO~PB7 
MODE3 








TL: Last state of instruction 
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Figure 4.4.17 PIO Interrupt Occurrence Timing 
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4.4.5 AC Timing Charts of SIO (in Active State) 


“Or _.o- 


CLKIN i T3/TW T4/73 TA 
ais 
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Figure 4.4.18 (a) SlO Timing Diagram 
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—@—||— © 
~Q+—O 
a Ma 


W/RDY 








SYNC Q > 


@ 
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Figure 4.4.18 (b) SIO Timing Diagram 
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RXC 





TL: Last state of instruction 
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Figure 4.4.19 SIO Interrupt Occurrence Timing 


4.4.6 AC Timing Charts of WDT (in Active State) 


CLKIN SNF | a ae a 


Wolo =—————— “a 
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Figure 4.4.20 WDT Timing Diagram 
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4.5 ACELECTRICAL CHARACTERISTICS (2) (in Inactive State) 
6MHz VERSION : TA=—40°C~ + 85°C, VCC =5V+10%, VSS=0V 


4.5.1 AC Characteristics of CGC (in Inactive State) 









NO. SYMBOL PARAMETER (6MHz) U 

i eee 
Ti rca Jorinnockae dC ieee | - | 
Pa frwcheik —Jovinutaoarwawraany | = | | = | we | 
a fiwcleik _Jouiputcoc width ow) “|= 


TfFCCLK Output Clock fall Time 
5 | TrCClk Output Clock rise Time 
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4.5.2 AC Characteristics of CTC (in Inactive State) 


TMPZ84C015AF-6 
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MPUZ80-733 


TOSHIBA TMPZ84C015A 
(2/2) 
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4.5.3 AC Characteristics of PIO (in Inactive State) 
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MPUZ80-735 











TOSHIBA TMPZ84C015A 


4.5.4 AC Characteristics of SIO (in Inactive State) 
(1/2) 


TMPZ84C015AF-6 
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MPUZ80-736 


TOSHIBA | TMPZ84C015A 











(2/2) 
SYMBOL PARAMETER (6MHz) UNIT 
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4.5.5.AC Characteristics of WDT (in Inactive State) 
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Notel: Timing Measurements are made at the following voltage. 
Input VIH =2.4V, VIL=0.4V 
VIHC=VCC—0.6V, VILC =0.6V 
Output VOH=2.2V, VOL=0.8V (Except CLKOUT) 
CL=100pF 
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4.6 ACTIMING CHARTS (2) (IN INACTIVE STATE) 
4.6.1 AC Timing Charts of CGC (in Inactive State) 


The following Figures show the timing charts in each operation mode with the 
CLKOUT pin connected to the CLKIN pin. 


CLKOUT 
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CLKOUT 





300389 


Figure 4.6.2 Clock restart timing (STOP mode) 
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Figure 4.6.3 Clock restart timing (IDLE1 mode) 
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Figure 4.6.4 Clock restart timing (IDLE2 mode) 
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Figure 4.6.5 Timing of clock restart by RESET (IDLE1, IDLE2 mode) 
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Figure 4.6.6 Clock suspension timing (IDLE1,IDLE2 and STOP modes) 
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4.6.2 AC Timing Charts of CTC (in Inactive State) 
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Figure 4.6.7 CTC timing diagram (Inactive) 
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4.6.3 AC Timing Charts of PIO (in Inactive State) 
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Figure 4.6.8 PIO timing diagram (Inactive) 
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4.6.4 AC Timing Charts of SIO (in Inactive State) 
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Figure 4.6.9 SIO timing diagram (a) (Inactive) 
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Figure 4.6.9 SIO timing diagram (b) (Inactive) 
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4.6.5 AC Timing Charts of WDT (in Inactive State) 


(The mode setting and daisy chain interrupt setting registers on WDT) 
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Figure 4.6.10 RD/WRITE, WDTOUT timing Diagram 
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4.7 PIN CAPACITANCE 
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5. EXETERNAL DIMENSIONS 
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MPUZ80-747 


TOSHIBA | BM8024 / BM8025 / BM8026 / BM8027 


The Guide Of TOSHIBA TLCS-Z80 ASSP Development Tools 
And Development Methods 


This guide shows how to develop the ASSP application systems with development 
tools. 


1. GENERAL 


Toshiba ASSP series are high-performance CMOS Z80 micro-processors, in which 
they include counter/timer circuit (CTC), clock generator/controller (CGC), input/output 
port (PIO, SIO), and watchdog timer. ASSP series are applied to the communication 
systems, controllers, and measurement instruments. 

In developing, these processors work as the evaluation chips. Thus development tools 
for Z80 MPU (Toshiba’s real time emulator : RTE-80 or others) can be used, and new 
tools for these processors are not required. 


MPUZ80-748 


TOSHIBA BM8024 / BM8025 / BM8026 / BM8027 


2. EVALUATION MODE OF ASSP 


EV pin is provided to disconnect the MPU from the ASSP processor. Normally this 
EV pin is low level. 

In developing, after one machine code has executed the MPU of the ASSP has 
disconnected from the target system by EV pin input high and BUSREQ pin input low. 


Then an emulator executes programs, and operates peripherals in the ASSP 
processor. 


Table 2.1 shows the pins of the MPU which are disconnected by EV and BUSREQ. 
Figure 2.1 shows the timing of disconnection. 


Table 2.1 Pins to be disconnected 


pin to be disconnected 
A HAUT, APS ot 


BUSREQ WR, MREQ, IORQ 
A00 -A15, DO - D7, RD 


180489 













Note : BUSACK is not disconnected 
For the TMPZ84C011A RFSH pin is not disconnected and goes “High”. 








Floating state 


Floating state 


180489 


Note: Using TMPZ84C011A, RFSH pin is not placed in the floating state and outputs high level. 


Figure 2.1 Timing of Disconnection 
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3.1 


3.2 


EMULATOR CONNECTION AND ADAPTER BOARDS 


When developing the systems using ASSP processor, an evaluation board interfacing 
between the target board and real time emulator is required. 

There are two ways to develop the ASSP systems (Level 1 and Level 2), and the 
evaluation boards for both ways are available. | 


LEVEL 1 (Evaluation boards : BM8024/25) 


This level is adopted when the pattern for the ASSP is not completed on the target 
board or the target board is pre-production. 

Remove ASSP chip from the target board, then connect the all signal lines of the 
ASSP to the evaluation board. An ASSP chip on the evaluation board is working in 
evaluation mode. (MPU in the chip is disconnected. Therefore emulator operates the 
peripherals in ASSP.) 

On the evaluation board there is an universal area to compose target system. 


Evaluation board BM8024 for TMPZ84CO11A 
BM8025 for TMPZ84CO0O15A 


LEVEL 2 (Adapter boards : BM8026/27) 


In this case the ASSP chip on the target board works in evaluation mode. This level is 
adopted to debug final target board. 


Adapter board BM8026 for TMPZ84CO011A 
BM8027 for TMPZ84C015A 
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4. DEVELOPMENT METHOD 
4.1 LEVEL 1 


Figure 4.1 shows the way to develop the target system with evaluation board and 
RTE80 (Toshiba’s real time emulator). 
Two 50-pin flat cable connecters all signals of 


ASSP can be connected to the target 
system via these connectors. 






TLCS-Z80 





Universal area 


The target system is 
composed on this area 


RTESO —— 
Evaluation board 
180489 
Figure 4.1 Example of connection (Level 1) 
(For the detail, refer to instruction manuals) 
4.2 LEVEL2 


Figure 4.2 shows the way to develop the target system with adapter board and RTE80. 







TLCS-Z80 ASSP 






CNB 50-pin flat 
cable connector 






<< Target system 


RTE80 BM8026/BM8027 


ff 


Adapter board fon aas 


Figure 4.2 Pell oe of connection (Level 2) 
(For the detail, refer to instruction manuals) 
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BM8024 / BM8025 / BM8026 / BM8027 


TOSHIBA 


4.3.5 CONNECTION OF BM8026/BM8027 AND TARGET SYSTEM 
There are three ways to connect 50-pin connector of the adapter board and ASSP on 


the target system. 
Provide a 50-pin flat cable socket on the target system 


(1) 


= TLCS-Z80 
“ASSP 
LLLLLLLLLLA LLNS LL LL 





target system 
180489 


(2) Solder the male connector of the flat cable directly 
ee female connector 
z male connector 


TLCS-Z80 
: ASSP 
— CEP e ree EEE 


SY VIII : ‘ 
«—— soldering directly 
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flat cable —” 


target system 


(3) 
making patterns and holes 
to insert mini termianals 


Pa 
a, 
pinecone 


To provide patterns on the target system to insert mini terminals on a board 


180489 
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The TMPZ84C011A and TMPZ84C015A are housed in the 100-pin mini flat package. 
When connecting the adapter board (BM8026/BM8027) for them by using any of the 
ways, take care on the following points. 


(1) Touse ASSP chip on the target system in the evaluation mode by connecting to the 
emulator, all bus signals of the MPU in ASSP should be placed in floating state or 
opened for emulator. 


The adapter board can be disconnected from the emulator by controlling the 
interface circuit inside the emulator, and it can be operated independently. 


(2) Tables 4.1 (a) and (b) show the signal names of the connector. 
CNA : Connect to the emulator (RTE80 or others) 


40-pin DIP socket 








1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
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Table 4.1 (a) Pin Connection Table 
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TOSHIBA BM8024 / BM8025 / BM8026 / BM8027 


Connect to target system | 
50-pin flat cable socket 


CNB : BM8026 CNB : BM8027 


D5 
D3 
D1 
INT 
HALT 
TORQ 
U.RD 
U.BUSACK 
WAIT 
U.BUSREQ 


D6 
D4 
D2 
DO 
A15 
A13 
A11 
AQ 
A7 
A5 
A3 
Al 
NC 
M1 
U-BUSREQ 
NC 
U.BUSACK BUSACK 
NC WR 
URD | RD 
1ORQ GND 
MREQ HALT 
INT NC 
CLKOUT EV 
GND NMI 





U.RD, U.,BUSACK, U.BUSREQ, U.RFSH are target system's signals. sce 


Table 4.1 (b) Pin Connection Table 


(3) A 50-pin flat cable connector is provided on the adapter board to connect ASSP 
chip on the target board. | 


(4) When connecting the adapter board and the target system : 


a) Connect all the signals of the TMPZ84C011A or TMPZ84C015A to the target 
system directly or via the connector 


b) EV pinis driven by adapter board, so pull down this pin by a resistor. (10kQ — 
100kQ) 


(Don’t connect directly to Vss) 


MPUZ80-754 


TOSHIBA 


(c) 


(d) 


Note lL: 


Note 2: 


BM8024 / BM8025 / BM8026 / BM8027 


It is not necessary to connect BUSREQ and U.BUSREQ, BUSACK and 

U.BUSACK, RD and U.RD on the target system. | 

(These signals are connected on the adapter board respectively) 

Note: When the adapter board is removed, these signals should be connected 
on the target system, respectively. 


When the target system does not use BUSREQ pin and BUSACK pin, 
U.BASACK pin can be used in open state, and input to U.,BUSREQ must be 
CMOS high level. 


The following signals in adapter board are pulled up by resistor. 
HALT, RD, U-RD, M1 
RESH (applied for BM8027 only), and BUSACK. 


Power Supply of the adapter board must be supplied by the target system. 


MPUZ80-755 





TOSHIBA - BM8024/BM8025 /BM8026 / BM8027 
Figure 4.3 shows the connection of adapter board, target system, and emulator. 


Connect by DIP 40 pin socket Connect by socket or soldering 


TMPZ84C011A 
Z80 MPU TMPZ84C015A 


BUSREQ 






BUSREQ 


VCC 


VSS (GND) 





Note1: Connect these signals when adapter board is disconnected. 
Note2: For the BM8026, RFSH pin and U.RFSH pin are provided in place of RFSH pin. 





ys 180489 
Figure 4.3 Interface Circuit 
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For more details, refer to the following manuals. 
1. TLCS-Z80 DEVELOPMENT SYSTEM MANUAL 


2. TMPZ84C011A Experimental Board (Evaluation Board : BM8024) 
BM8024 Instruction Manual 


3. TMPZ84C015A Experimental Board (Evaluation Board : BM8025) 
BM8025 Instruction Manual 


4. TMPZ84C011A Adapter Board (BM8026) 
BM8026 Instruction Manual 


5. TMPZ84C015A Adapter Board (BM8027) 
BM8027 Instruction Manual 
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PART 2 8-BIT MICROPROCESSOR 


TLCS-85 FAMILY 


TOSHIBA CORPORATION 
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TOSHIBA TMP8085A 


TMP8085AP-2/TMP8085AHP-2 
8-BIT MICROPROCESSOR 


1. GENERAL DESCRIPTION 


The TMP8085AP-2/TMP8085AHP-2, hereafter on referred to as TMP8085A, is a 8 bit 
micro processing unit (MPU). TMP8085A uses a multiplexed data bus. The address is 
split between the 8 bit address bus and the 8 bit data bus. The on-chip address latches of 
TMP8155P-2/TMP8156P-2 allow a direct interface with TMP8085A. 


2. FEATURES 
e 0.8pSec Instruction Cycle (CLK Cycle Period @200nSec) 


e Single +5V Power Supply 
(TMP8085AP-2: 5V+5%, TMP8085AHP-2: 5V +10%) 


® On-Chip Clock Generator (with External Crystal or RC Network) 


e On-Chip System Controller; Cycle status information available for Large System 
Control 


e 4 Vectored Interrupts (One is Non-Maskable) 

e Decimal, Binary and Double Precision Arithmetic 

® Serial In/Serial Out Port 

e Direct Addressing Capability up to 64K Byte Memory Space 

e Compatible with Intel’s 8085A 

e Low Power Consumption (TMP8085AHP-2: Icc max=135mA) 
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3. PIN CONNECTION (TOP VIEW) 


x4 

X2 
RESET OUT 
SOD 
SID 
TRAP 
RST7.5 
RST6.5 
RST5.5 
INTR 
INTA 
ADg 
AD, 
AD? 
AD3 
AD4 
ADs 
ADs 
AD7 
Vss 





Figure 3.1 
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4. BLOCK DIAGRAM 
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5. 


PIN NAME AND PIN DESCRIPTION 


X1, X2g Input) 


Crystal, LC, or RC network are connected to X1 and Xg to drive the internal 
clock generator. X 1 and X9 can also be driven by an external clock source. The 
input frequency is devided by 2 to give the processor’s internal operating 
frequency. 


CLK(Output) 

Clock Output for use as a system clock. The period of CLK is twice the Xj, X9 
input period. 
RESETIN (Input) 

The RESETIN Input initializes the processor by clearing the program counter, 
instruction register, SOD latch, Interrupt Enable flip-flop and HLDA flip-flop. 
The address and data buses and the control lines are 3-stated during RESET and 
because of the asynchronous nature of RESET, the processor’s internal registers 
and flags may be altered by RESET with unpredictable results. RESETIN is a 
Schmitttriggered input, allowing connection to an RC network for power on 


RESET delay. The TMP8085<A is held in the reset condition as long as RESETIN is 
applied. 


RESET OUT (Output) 


The RESET OUT signal indicates that the TMP8085<A is being reset. It can be 
used as a system reset. It is synchronized to the processor clock and lasts an 
integral number of clock periods. 


SOD (Output) 


Serial output data line. The output SOD is set or reset as specified by the SIM 
instruction. 


SID (Input) 


Serial input data line. The data on this line is loaded into accumulator bit 7 
whenever a RIM instruction is executed. 
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| 
e INTR (Input) 
| 





INTERRUPT REQUEST signal provides a mechanism for external devices to 
modify the instruction flow of the program in progress. It is sampled only during 
the next to the last clock cycle of an instruction and during Hold and Halt states. If 
it is recognized, the processor will complete the execution of the current 
instruction, and then the Program Counter (PC) will be inhibited from 
incrementing and an INTA will be issued. During this cycle a RESTART or CALL 
instruction can be inserted to jump to the interrupt service routine. The INTR is 
enabled and disabled by software. It is disabled by RESET and immediately after 
an interrupt is accepted. 


@ INTA (Output) 


INTERRUPT ACKNOWLEDGE: Occurs in response to an Interrupt input and 
indicates that the processor will be ready for an interrupt instruction on the data 





bus. It is used instead of (and has the same timing as) RD during the instruction 
cycle after an INTR is accepted. 


Rola) 
RST 6.5 | (Inputs) 
RST 7.5 


RESTART INTERRUPTS: These three inputs have the same timing as INTR 
except they cause an internal RESTART to be automatically inserted. These 
interrupts have a higher priority than INTR. The priority of these interrupts is 
ordered as shown Table 1. These interrupts are maskable using the SIM 





instruction. 
e TRAP (Input) 


Trap interrupt is anonmaskable RESTART interrupt. It is sampled at the same 
timing as INTR or RST 5.5-7.5. It is unaffected by SIM or Enable/Disable 
Interrupt instruction. It has the highest priority of any interrupt. 


e ADo-AD7 (Input/Output, 3-state) 


Lower 8 bits of the memory address (or I/O address) appear on the bus during 
the first clock cycle (Tj state) of a machine cycle. It then becomes the data bus 
during the second and third clock cycles. 


e Ag-Ay5 (Output, 3-state) 


Upper 8 bits of the memory address or the 8 bits of the I/O address, 3-stated 
during Hold and Halt modes and during RESET. 
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® So, $4, and 1O/M (Output) 


Machine cycle status: 


IO/M Sy So Status 
0 1 if Opcode fetch 
0 1 0 Memory read 
0 0 1 Memory write 
1 1 0 1/O read 
1 0 1 1/O write 
i 1 1 Interrupt Acknowledge 
TS 0 0 Halt 
TS x xX Hold 
TS x x Reset 


Note : TS=38-state (high impedance) 
X= unspecified 
e ALE (Output) 
Address Latch Enable: It occurs during the first clock state of a machine cycle 
and enables the address to get latched into the external latch or the on-chip latch of 


peripherals. The falling edge of ALE can be used to strobe the status information. 
ALE never goes 3-stated. | 


e WR (Output, 3-state) 


WRITE control: A low level on WR indicates the data on the Data Bus is to be 
written into the selected memory or I/O location. Data is set up at the trailing edge 
of WR. It is 3-stated during Hold and Halt modes and during RESET. 


e RD (Output, 3-state) 


READ control: A low level on RD indicates the selected memory or I/O device to 
be read and that the Data Bus is available for the data transfer, 3-stated during 
Hold and Halt modes and during RESET. 


e READY (Input) 


When READY is inactive (low), indicating the external operation has not been 
complete yet, the processor will enter the Wait state. It will wait for an integral 
number of clock cycles until READY goes high before completing the read or write 
cycle. 
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HOLD (Input) 


The HOLD input cause TMP8085A to release the control over the address bus 
and the data bus. When HOLD goes active, the processor completes its current 
operation, activates the HLDA output, and puts the Address, Data, RD, WR, and 
IO/M lines into high-impedance state. Internal processing can continue. The 
Holding device can then utilize the address and data buses instead of TMP8085A. 
TMP8085A can regain the bus only after the HOLD goes inactive (low). 


HLDA (Output) 


The Hold Acknowledge output, HLDA signal is a response toa HOLD input. It 
indicates that TMP8085A has received the HOLD request and HOLD will release 
the bus control in the next cycle. HLDA goes low after the HOLD goes inactive 
(low). TMP8085A takes over the bus control one half clock after HDLA goes low. 


VCC 
+5 volt supply 


Vss 


Ground Reference 
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6. FUNCTIONAL DESCRIPTION 


TMP8085A is a 8-bit central processor. 
TMP8085A is provided with internal 8-bit registers and 16-bit registers. TMP8085A 
has eight addressable 8-bit registers. Six of them can be used either as 8-bit registers or 
as 16-bit register pairs. In addition to the register pairs, the TMP8085A contains two 
additional 16-bit registers. TMP8085A register set is as follows: 


@ The acccumulator (A Register) is the focus of all of the accumulator instructions, 
which include arithmetic, logic, load and store, and I/O instructions. 


e The program counter (PC) always points to the memory location of the next 
instruction to be executed. 


@®  General-purpose registers BC, DE, and HL may be used as 8-bit registers or as 
three 16-bit registers, interchangeably, depending on the instruction being 
performed. 


e The stack pointer (SP) is a special data pointer that always points to the stack top 
(next available stack address). 


@ The flag register contains five one-bit flags, each of which records processor status 
information and may also control processor operation. 


The five flags in TMP8085A are shown below: 


(MSB) 


[Pr [95 | Ds | 0s] 2 | bs | os | Do 
s}z} jac} Te] fe 


® The carry flag (C) is set and reset by arithmetic operations. An additional 









operation that resutls in an overflow out of the high-order bit of the accumulator 
sets the carry flag. The carry flag also acts as a “borrow” flag for subtract 
instruction. 


e The auxiliary carry flag (AC) indicates overflow out of bit 3 of the accumulator in 
the same way that C flag indicates overflow out of bit 7. This flag is commonly 
used in BCD arithmetic. 


@ The sign flag (S) is set to the condition of the most significant (MSB) bit of the 
accumulator following the execution of arithmetic or logic instructions. 


e The zero flag (Z) is set if the result generated by certain instructions is zero. The 
zero flag is cleared if the result is not zero. 


e The parity flag (P) is set to 1 if the parity (number of 1-bits) of the accumulator is 
even. If odd, it is cleared. TMP8085A offers the functions of clock generation, 
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system bus control, and interrupt priority selection as well as execution of the 
instruction set. TMP8085A uses a multiplexed Data Bus. The address is split 
between the higher 8-bit Address Bus and the lower 8-bit Address/Data Bus. 
During the first T state (T; clock cycle) of a machine cycle the lower order address 
is sent out on the Address/Data Bus. These lower 8 bits may be latched externally 
by the Address Latch Enable signal (ALE). During the rest of the machine cycle, 
the data bus is used for memory or I/O data transferring. 
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7. 


INTERRUPT AND SERIAL I/O 


TMP8085A has 5 interrupt inputs: INTR, RST 5.5, RST 6.5, RST 7.5, and TRAP. 
INTR is identical in function to 8080A INT. Each of three RESTART inputs 5.5, 6.5, 7.5, 
has a programmable mask. TRAP is also one of RESTART interrupts but it is 
nonmaskable. 

The three RESTART interrupts cause the internal execution of RESTART if the 
interrupts are enabled and if the corresponding interrupt mask is not set. The 
nonmaskable TRAP always causes internal interrupt execution whether INTR, RST 5.5, 
RST 6.5 and RST 7.5 interrupts are enable ornot. | 

There are two different types of inputs in the restart interrupts. RST 5.5 and RST 6.5 
are high-level sensitive like INTR and are recognized with the same timing as INTR. 
RST 7.5 is rising edge-sensitive. 

For RST 7.5, only a pulse is required to set an internal flip-flop which generates the 
interrupt request. The RST 7.5 request flip-flop remains set until the request is 
serviced. Then it is reset automatically. This flip-flop may also be reset by using the 
SIM instruction or by issuing a RESETIN to TMP8085A. The RST 7.5 internal flip-flop 
will be set by a pulse on the RST 7.5 pin even when the RST 7.5 interrupt is masked. . 

The interrupts are arranged in a fixed priority that determines which interrupt is to 
be recognized if more than one is pending: TRAP-highest priority. RST 7.5, RST 6.5, 
RST 5.5, INTR-lowest priority. This priority scheme does not take into account-the 
priority of a routine that was started by a higher priority interrupt. RST 5.5 can 
interrupt a RST 7.5 routine if the interrupts were reenabled before the end of the RST 
7.0 routine. | 

The TRAP interrupt is useful for catastrophic errors such as power failure or bus 
error. It is not affected by any flag or mask. The TRAP input is both edge and level 
sensitive. The TRAP input must go high and remain high until it is acknowledged. It 
will not be recognized again until it goes low, then high again. This avoids any false 
triggering due to noise or logic glitches. 
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Table 7.1 Interrupt Priority, Restart Address, and Sensitivity 
Address branched to 


N Priori if Tri 


050489 


Notes: (1) The processor pushes the PC on the stack before branching to the indicated address. 
(2) The address branched to depends on the instruction provided to TMP8085A when 


the interrupt is acknowledged. 














The TRAP interrupt is special in that it disables all other interrupts, but preserves 
the previous interrupt enable status. Performing the first RIM instruction following a 
TRAP interrupt allows you to determine whether interrupts were enabled or disabled 
prior to the TRAP. All subsequent RIM instruction provide current interrupt enable 
status. Performing a RIM instruction following INTR, or RST 5.5-7.5 will provide 
current interrupt enable status, revealing that interrupts are disabled. 

The serial I/O system is also controlled by the RIM and SIM instructions. SID is read 


by RIM, and SIM sets the SOD date. 
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8. 


BASIC TIMING 


The execution of each instruction by the TMP8085A consists of a sequence of from one 
to five machine cycles, and cach machine cycle consists of a minimum of from three to six 
clock cycles. Most machine cycles consist of three T states, (cycles of the CLK output) 
with the exception of opecode fetch, which normally has either four or six T states 
(unless WAIT or HOLD states are forced by the receipt of READY or HOLD inputs). 
Any T state must be one of ten possible states, shown in Table 3. 

At the beginning of every machine cycle, TMP8085A sends out three status signals 
(IO/M, Sy, So) that define what type of machine cycle is about to take place. TMP8085A 
also sends out a 16-bit address at the beginning of every machine cycle to identify the 
particular memory location or I/O port that the machine cycle applies to. 

The special timing signal, ADDRESS LATCH ENABLE (ALE), is used a strobe to 
sample the lower 8-bits of address on the ADop-AD7 lines. ALE is present during T, of 
every machine cycle. Control lines RD (INTA) and WR become active later, at the time 
when the transfer of data is to take plece. 

Figure 3 shows an instruction fetch, memory read and I/O write cycle (as would occur 
during processing of the OUT instruction). 


Table 8.1 TMP8085 Machine Cycle Chart 


womccee [om | s |» | | we [ma 


OPCODE FETCH 
MEMORY READ 
MEMORY WRITE 
I/O READ 
I/O WRITE 
ACKNOWLEDGE OF INTR 
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HALT 













-—- O77 -—- = OO 0 
aoe On O oa 
- oO - - 07> 0 — 
- | = =| O- OC oO 
aon O38 O 1 a 
a3 Oo oo 3 os 









4 
WY 
© 
(=) 
a 
7a) 
4 
YN 





050489 


Notes : 0= Logic “0”, 1 = Logic “1”, TS = High Impedance 
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MACHINE 
STATE 
i 


Table 8.2 TMP8085 Machine State Chart 













X X 1 i 
X X Xx 0 
xX X Xx 0 
Xx X X 0 
1 X 1 0 
1 X 1 0 
1 Xx 1 0 
X TS 1 0 
0 1 0 
X 1 0 
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Notes: (1) 0=LOGIC “0”, 1=Logic “1”, TS = High Impedance, 
X= Unspecified 
(2) °ALE not generated during 2nd and 8rd machine cycles of 
DAD instruction 
(3) +I10/M=1 during T4-Tg of INA maachine cycle 


T1 T2 T3 T4 T1 T2 T3 T1 il 73 
CLK Z 


ne X__ecuiuishoroeraopress) | X rcs |X toporr_ 
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(LOW ORDER DATAFROM MEMORY DATA FROM MEMORY DATA TO MEMORY 
ADDRESS) (INSTRUCTION) (I/O PORT ADDRESS) OR PERIPHERAL 
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WR 
oh 
CE EE OCE 7 


STATUS 10 (READ) 
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Figure 8.1 TMP8085A Basic System Timing 
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9. 


(1) 


(2) 


DRIVING THE X1 AND X2 INPUTS 


The clock inputs of TMP8085A may be driven by a crystal oscilator, an LC tuned 
circuit, an RC network or an external clock source. The Minimum driving frequency 
must be 1 MHz, and must be twice as much as the desired internal clock frequency. 


Quartz Crystal Clock Driver 

If a crystal used, it must have the following characteristics. 
e Parallel resonance at twice the clock frequency desired 
e Cg (shunt capacitance) S 7 pF 


e Rg (equivalent shunt resistance) = 75 Ohms 


Cj 






X1 










TMP8085A 
X2 
C5 
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Figure 9.1 


Note : A value of the external capacitors Cz and Cg between X1, X2 and ground. 
The following values are recommended 

IMHz =f<4MHz : C,=20pF,Co=20pF 

4MHz =f 8MHz : C,=10pF,C2=10pF 

8MHz <fS 10MHz : C,=0,C2=0 


LC Turned Circuit Clock Driver 


A parallel-resonant LC circuit may be used as the frequency-determining network for 
TMP8085A, providing that its frequency tolerance of approximately 10% is acceptable. 
The components are chosen from the formula. 


a 
The use of an LC circuit is not recommended for frequencies higher than 


approximately 5 MHz. 
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Figure 9.2 
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(3) RC Circuit Clock Driver 


An RC circuit may be used in the case without precise clock frequency stability. 
Variations in the on-chip timing generation can cause a wide variation in frequency 
when using RC circuit. The driving frequency generated by the circuit shown is 


approximately 3 MHz. It is not recommended that frequencies greatly higher or lower 
than this be attempted. 






f=3MHz 


20pE TMP8085A 


il 


(4) External clock Driver Circuit 
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Figure 9.3 


+5V 






Duty 45 ~ 55% 


TMP8085A 
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Figure 9.4 
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10. POWER-ON-RESET 


The TMP8085A is not guaranteed to work until 10 ms after Voc reaches 4.75V. It is 
suggested that RESETIN be kept low during this period. Note that the 10 ms period 
does not include the time it takes for the power supply to reach its 4.75V level. 

For the TMP8085AHP-2, Power-on-reset can be performed when the supply voltage 


reaches 4.50V. 


MPU85-16 


TOSHIBA TMP8085A 


11. 





INSTRUCION SET 


The code and function of machine instructions are shown as following table. In this 
table the symbols and abbreviated symbols are used for describing the instructions. 
However, the symbols required for special attention are explained on the page using 
them. 


Explanation of Symbols 


Register By Gy. Us. Be yey. A 
Register pair BC, DE, HL 

Stack pointer SP 

Register pair BC, WES aL 

Program status word PSW 


Register 


Memory address or immediate data indicated by 16 bits 
m expresses higher 8 bits and n expresses lower 8 bits 
Contents of memory address indicated by mn 


Memory 


Contents of memory address indicated by register pair 
Contents of memory address indicated by register pair BC ,DE and SP 


Be reset to 0 

Be set to 1 

No change 

Be affected by operation (be set to 0 or 1.) 


a) 
a) 
~ 
f40) 
~ 
va) 
©) 
= 
LL. 


Transfer 
Exchange 
Addition 
Subtraction 
Logical AND for every bit 


Operation symbol 


Logical OR for every bit 
Exclusive OR for every bit 


interrupt mask register 
Carry flag 
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TLCS-85 List of Machine Instruction (1/2) 


_ OBJECT CODE 
FUNCTION 


40+gx8+r 
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ASSEMBLER 
MNEMONIC 














Register 
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Efe ER Oe ee BL ee DEK cue eutcage Ce tones 11 PSW 
abe wa pate ene etiae yurcen aides vere aed oo ce bates Weds . 
eA+r PSW only 


<A + (HL) +CY 


Cs es i i ee Ce ee i ee ee ee i i ie fe rs 


<A+n+CyY 
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<A-r 
A <—A-~({HL) 
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<A-n 
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<A -(HL)-CY 


Be seal hu pie Svat) vies¥in ie. bie Wg eet dinte o (er. 6'e Siatnsbs 9:6. dues psa’ C-o.8 GA Peale steve W Bio ainis aihor stoners sabeete wie Gee esha aioe ed le blats Bich eek ad ord, Bince-o ame Reveren spew ie exe Dleley ve elbre eee ate OG SMGLnE Bee oP sles Wiaclbed oars 


<A-n-CyY 




















—AAr 


ee ee Ce ee ee ee ee ee ee ee ee ee ee ee ee ee Ce ee re ee 


A <—AA(HL) 


es i Ce ee Ce i Pe ics ea) 


<—AAn 


sc ee ee ee ee ie fey 


<—AVr 


A —AV(HL) 
—AVN 





ee i ee ee ee ee ee ee ee ee ee er ee ee ie Pe irs re ory 


Air 
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—A(HL) 
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TLCS-85 List of Machine Instruction (2/2) 
OBJECT CODE 


ASSEMBLER 
MNEMONIC 


8bit arithmetic 


Note: “POP PSw” instruction changes state of flags. 


76 543 210 


11.101 110 
nnn nnn 
1110 rrr 
111 110 
111. 110 
nnn mann 


11 000 011 
nn nnn nnn 
mmmmmmmm 
11 ccc 010 
nn nnn nnn 


mmmmmmmm 


11 001 101 
nn nnn onnn 
mmmmmmmm 
11 ccc 100 
ano onann onmnn 
mmmmmmmm 
11 001 001 


094+tx10 
03+tx10 
OB+tx10 


CO+Cx8 


C7+kx8 


FUNCTION 


A<AyWn 


A-r 
A-(HL) 
A-n 


g <g-1 
(HL)<(HL)-1 
Decimal adjust accumulator 
A NOT A 
CY¢NOT CY 
CY] 

no operation 
MPU halt 

INTE F/F Reset 
INTE F/F Set 
HLe-HL +t 

t <t+l 


t €t+1 


(SP — 1)(SP — 2)<PC, 

SP €SP-2, 

PC «mn 

IF c is ture, (SP —1)(SP — 2) 
<—PC, SP<SP—-2, PC—mn 
otherwise, PC<-PC +3 
PC<(SP + 1)(SP), 

SP<-SP +2 

IF c is true, PCe(SP + 1)(SP), 
SP<SP+2 

otherwise, PC<-PC + 1 

(SP — 1)(SP - 2)<-PC, 
SPe-SP ~2, PCe—kkk x8 





(a) Exechange 


(c) 16bit arithmetic 
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001 
010 
011 
100 
101 
110 
111 





(e) Interrupt 


j 

0 
1 
2 
3 
4 
5 
6 
7 


TMP8085A 


Condition 
no zero 
zero 
no carry 
carry 

parity odd 
parity even 
sign positive 
sign negative 
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(b) General purpose arithmetic and MPU control 
(d) Input and output 
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12. ELECTRICAL CARACTERISTICS 
12.1 ABSOLUTE MAXIMUM RATINGS 


a 


050489 












12.2 DC CHARACTERISTICS 
TA=0°C to 70°C, VCC =5V+5%  : TMP8085AP-2 


VCC =5V+10% : TMP8085AHP-2 
| -05 | os | Vv 


Input Low Voltage arias V 
Input High Voltage ee a ae ae 
Output Low Voltage lOL=2mA a ee Cs ee ae 
Output High Voltage IOH = — 400pA a 2 a ae 


















S| Pore pey cores rpaossanmane- [1138 
rrpoossanPianP2_[ | 135 — 
it~“ np teskage Tos vinevec Pa 
Tig —Gtput Leakage —_Joassvoursvec_| 10 | pa 
Twitk——“inputtow evel SED oo 


VIHR Input High Level (RESET) 
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12.3 AC CHARACTERISTICS 


TA =0°C to 70°C, Vcc =5Vt5% ~~: TMP8085AP-2 
VCC =5V+t10% +: TMP8085AHP-2 
Vss = OV, unless otherwise noted. 


CLK Low Time ee ee re 


ns 
ns 
tH CLK High Time 








=) 
n 


CLK Rise and Fall Time 


X1 Rising to CLK Rising 
X1 Rising to CLK Falling 


=) 
va) 


i 


10 ns 


W 
© © 
5 


—N Nn i") —~n vn —~n —Y —Y —n 


110 ns 
A 


Nn 


— 

— ooim [Oa 

(Ca O1oO (oe) 
* * 


— 
— 
a1 
ut © 
© © © 


A8-15 Valid to Leading Edge of Control 
AO-7 Valid to Leading of Control 
A0-15 Valid to Valid Data In 


W 
Sa) 
=) 


=) 
Va) 


Address Float after Leading Edge of ALE READ 
(INT) 


| [1] 
A8-15 Valid before Trailing Edge of ALE [1] : 


C 
AD 
L 


a) 


A0-7 Valid before Trailing Edge of ALE 
READY Valid from Address Valid 
Address (A8-15) Valid after Control 


Width of Control Low (RD, WR, INTA) Edge of 
ALE 


Trailing Edge of Control to Leading Edge of ALE 
Data Valid to Trailing Edge of WRITE 2 


HLDA to Bus Enable 


a co ct tiatle 
p>; P > DP Pa PR Vin 
mm | 71 (a) A | AW | 
<i 2 os a «te 


c 
t 
tA 

ns 
t 


2 


=) 
wn 


30 
30 
50 
50 
C 
C 30 
C 25 
D 30 


A 
tcc 
tCL 
tDW 


=) 
7) 





150 ns 
tHABF 





Bus Float after HLDA ns 
HLDA Valid to Trailing Edge of CLK 
HOLD Hold Time 

HOLD Setup Time to Trailing Edge of CLK 
INTR Hold Time 

INTR, RST and TRAP Setup Time to Falling 


Edge of CLK Address Hold Time after ALE 


z= 
© 
7) 


tHDH 


=) 
n 


— 
NO 
oO 
=) 
nn 


=) 


150 


> 


eilfleig aa aa 
a tae > > 
— a) w 

WN m 


LA 


U1 
© 


ale 
—~n 


ot 
nm 





LC Trailing Edge of ALE to Leading Edge of Control 


050489 


MPU85-21 


TMP8085A 














TOSHIBA TMP8085A 


Control Trailing Edge of Leading Edge of Next 
Control 


Data Hold Time After READ INTA 
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Test conditions CL=150pF (*: CL = 50pF + 1TTL) 


tcyc = 200ns 


Notes : 1. A8-15 address specs apply to 1O/M, SO and S1 expect A8-15 are undifiend during T4-T6 
of Cycle whereas IO/M, SO, and S1 are stable. 
2, Timing defining signal voltage are; 
Output High level =2.0V, Low level=0.8V 
3. To calculate timing specifications at other value of tCYC use Table 12.1. 
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12.4 TIMING WAVEFORMS 


X1 INPUT 


CLK OUTPUT N 
| tXKR = 
tXKF [ot ° 


CLK 


A8~A15 
$0, $1, 1|O/M 


AD0~AD7 


CLK 


A8~A15 
SO, $1, |O/M 


ADO~AD7 


ALE 


SJ | 


tECX¥E 050489 


Figure 12.1. Clock Timing Waveform 


oa T2 T3 | 


ie CEC os tCA 


ADDRESS, STATUS 





4 











Hel | T2 | T3 | 
4 ADDRESS, STTAUS > 
tCA 
4 ADDRESS 4 DATA OUT FS 
tDW twD 
| 
tWDL 
tCL 
<> 
tcc 
tAC N / 


050489 


Figure 12.3. Write Operation 
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CLK 


A8~A15 
$0S1 1O/M 


ADO~AD7 


ALE 


RD/INTA 


READY 


CLK 


INTR 


HOLD 


HLDA 


TMP8085A 
T1 T2 TWAIT | T3 | T1 
tLCK a, BOR : 
ADDRESS| STATUS aaa 
tRAE 






an 
a a tAD 


{ADDRESS > {SATAN - - < 
ic mr ‘ib laa 
PREF : rl 


=] 
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Figure 12.4 Read Operation with Wait yee ye pical) 
- Same Ready Timing Applied t rite a rerseee 


| M1 11 T3 


tHDS 
a 


tHACK 


oe 
ADO~7 YappreEss » — — <4CALLINST = — 
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Figure 12.5 Interrupt and Hold Timing 
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13. OUTLINE DRAWING (40PINS PLASTIC PACKAGE) 
DIP40-P-600 





QO 15° 


40 21 





° 
+1 
~ 
lap) 


| 50.7+0.2 | 








N mM 
SG o 
+ 


=)’. 





MIN|]3.5 
4.5+ 
3252-0'3 


0.51 


L2Ztye 


270289 


Note: Each lead pitch is 2.54mm, and all the leads are located within +0.25mm from their 
theoritical positions with respect to No.1 and No.40 leads. 
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TMP8155P-2/TMP8156P-2 


256 BYTE STATIC RAM WITH I/O PORTS AND TIMER 


1. GENERAL DESCRIPTION 


The TMP8155/8156P-2 are RAM including I/O ports and counter/timer on one chip for 
using in the TLCS-85A microcomputer system. The RAM portion is designed with 2K 
bit static memory cells organized as 256 x 8. The 14 bit programmable counter/timer is 
the down counter. It provides either a square wave terminal count pulse for the MPU 
system depending on timer mode. 

The I/O portion consists of 2 programmable 8 bit I/O ports and 1 programmable 6 bit 
I/O port. The programmble I/O ports can be operated by BASIC MODE and STROBE 
MODE. 


2. FEATURES 
e Single +5V Power supply 
e Access Time: 330 ns 
e Internal Address Latch 
e 2 Programmable 8 bit I/O Ports and 1 Programmable 6 bit I/O Port 
© 256x8 bit RAM | 
e Programmable 14 bit Binary Counter/Timer 
e Multiplexed Address/Data Bus 
e Chip Enable Active High (TMP8156P-2) or Low (TMP8155P-2) 
e 40 pin DIP 
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3. PIN CONNECTION (TOP VIEW) 


PC3 Vcc 
PCa PC> 
TIMER IN PC, 
RESET PCo 
PCs PB7 
TIMEROUT PBg 
lo/M PBs 
* CE OR CE PBg 
RD PB3 
WR PB2 
ALE PB 1 
ADg PBo 
AD, PA7 
AD?2 PAg 
AD3 PAs 
AD4g PAg 
ADs PA3 
ADs PA?2 
AD7 PA 
Vss PAo 050489 





Figure 3.1 


Note: * TMP8155=CE 
TMP8156=CE 


4. BLOCK DIAGRAM 






~«<— Vcc (+5V) 


COMMAND STATUS 


REGISTER ess eN) 


TIMER IN 


TIMER OUT PCo~s PBo~7 PAo~7 050489 


Figure 4.1 
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5. PIN NAMES AND PIN DESCRIPTION 


RESET INPUT) 

The Reset signal is a pulse provided by TMP8085A to initialize the system. 
Input high on this line resets the chip and initializes the internal three I/O ports to 
input mode. 

The width of RESET pulse should typically be two clock cycles of TMP8085A. 


AD o~7 UNPUT/OUTPUT, 3-STATE) 

These are 3-state Address/Data lines that interface with the MPU lower 8-bit 
Address/Data Bus. The 8-bit address can be applied to the memory section or the 
I/O section depending on the polarity of the IO/M input signal. 8-bit data is either 
written into or read from the TMP8155/8156 depending on the status of WR or RD 
input signal. 


CE ORCE (INPUT) 
Chip Enable : On the TMP8155P-2, this pin is CE and is Active Low. 
On The TMP8156P-2, this pin is CE and is Active High. 


RD (INPUT) 

Input low on this line with the Chip Enable active enables the ADgp~7 buffers. If 
IO/M pin is low, the RAM content will be read out from the ADg~7 bus. Otherwise 
the content of the selected I/O port or command/status register will be read out 
from the ADg~7 bus. 


WR (INPUT) 
Input low on this line with the active CE/CE causes the data on the ADo~7 lines 


to be written to the RAM or I/O ports and command/status register depending on 
the polarity of IO/M. 


ALE (INPUT) 

Address Latch Enable : This control signal latches both the data on the ADg~7 
lines and the state of the Chip Enable and IO/M into the chip at the falling edge of 
ALE. 


IO/M (INPUT) 
IO/Memory Select : This line selects the memory if low and selects the I/O or 
command/status register if high. 


PAg~7 (INPUT/OUTPUT, 3-STATE) 
These 8 pins are general purpose I/O pins. The in/out direction is selected by 
programming the Command Register. 
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e PB g~7 UNPUT/OUTPUT, 3-STATE) 
These 8 pins are general purpose [/O pins. The in/out direction is selected by 
programming the Command Register. 


8 PC o~5 (INPUT/OUTPUT, 3-STATE) 
These 6 pins can function as either input port, output port, or as control signal 
for PA and PB. Programming is done through the Command Register. 
When PC 9~5 are used as control signals, they are defined as the following : 


PCO-AINTR (Port A Interrupt) 
PC1-A BF (Port A Buffer Full) 
PC2-ASTB (Port A Strobe) 
PC3 - BINTR (Port B Interrupt) 
PC4 - B BF (Port B Buffer Full) 
PC5 - B STB (Port B Strobe) 


@ TIMERIN INPUT) 


This is the input to the counter-timer. 


® TIMEROUT (OUTPUT) 
This pin is the timer output. This output can be either a square wave or a pulse 





depending on the timer mode. 


e VCC (Power) 
+5 volt supply 


@ VSS (Power) 
Ground Reference 
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6. FUNCTIONAL DESCRIPTION 
6.1 PROGRAMMING THE COMMAND REGISTER 


The command register consists of either latches. Four bits (0-3) define the mode of the 
ports, two bits (4-5) enable or disable the interrupt from port C when is acts as control 
port, and the last: two bits (6-7) are for the timer. 

The command register contents can be altered at any time by using the I/O address 
XXXX000 during a WRITE operation. The functions of each bit of the command register 
is shown in Figure 6.1 | 

Note that the command register is a write-only register and can not be read. 


AONE ee ee ee oe 


AD7 AD6 AD5 AD4 AD3 AD2 AD1 ADO 


x = Don't care 
b= Logic" 1" 
COMMAND 0 = Logic "0" 


REGISTER 





DEFINE PAo.7 + Q=|NPUT. 
DEFINE PBo.7 | 1 = OUTPUT 


00 = MODE 1 
DEFINES PCo.5 | 11=MODE2 
01 =MODE 3 
10 = MODE 4 


ENABLE PORTA 


INTERRUPT 
0 = ENABLE 


ENABLEPORTB | != DISABLE 


INTERRUPT 


00=NOP- DO NOT AFFECT COUNTER 
OPERATION 


01 = STOP-NOPIF TIMER HAS NOT STARTED; 
STOP COUNTING IF THE TIMER IS RUNNING 


10 = STOP AFTER TC - STOP IMMEDIATELY 
AFTER PRESENT TC IS REACHED (NOP 
TIMER COMMAND IF TIMER HAS NOT STARTED 


11= START-LOAD MODE AND COUNT LENGTH 
AND START IMMEDIATELY AFTER 
LOADING (IF TIMER IS NOT PRESENTLY 
RUNNING). IF TIMER IS RUNNING, START 
IMMEDIATELY AFTER PRESENT 


TC 1S REACHED. 050489 


Figure 6.1 Command Register Bit Assignment 
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6.2 READING THE STATUS REGISTER 


The status register consists of seven latches, one for each bit ; six (0-5) for the status of 
the ports and one (6) for the status of the timer. 

The status of the timer and the I/O section can be polled by reading the Status 
Register (Address XXX X000). Status word format is shown in Figure 6.2. 


ADy .ADg. ADs’ -ADg, -ADg  “AD> . AD;  ADe 

COMMAND LY sie) INTE BF INTR | INTE BF INTR 

REGISTER AN B B B A A A 
PORT A INTERRUPT REQUEST 


PORT A BUFFER FULL/ EMPTY 
(INPUT / OUTPUT) 


PORT AINTERRUPT ENABLE 
PORT B INTERRUPT REQUEST 


PORT B BUFFER FULL/ EMPTY 
(INPUT / OUTPUT) 


PORT B INTERRUPT ENABLE 


TIMER INTERRUPT (THIS BIT 

IS LATCHED HIGH WHEN 
TERMINAL COUNT IS 

REACHED, AND IS RESET TO 

LOW UPON READING OF THE 

C/S REGISTER AND BY HARDWARE 
RESET) 
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Figure 6.2 Status Register Bit Assignment 


MPU85-31 





TOSHIBA | TMP8155/8156 


6.3 


I/O SECTION 


COMMAND/STATUS REGISTER (C/S) — Both registers have the same address 
XXXXXKO000. When the C/S registers are selected during WRITE operation, a 
command is written into the C/S Register. The contents of this register are not 
accessible through the pins. When the C/S is selected during a READ operation, 
the status information of the I/O ports and the timer becomes available on the 
ADo~7 lines. 


PA Register — This register can be programmed to be either input or output ports 
depending on the status of the contents of the C/S Register. 

Also depending on the command, this port can operate in either the basic mode or 
the strobed mode (See timing diagram). The I/O pins assigned in relation to this 
register are PAg.7. The address of this register is XXXXX001. 


PB Register — This register functions the same as PA Register. The I/O pins 
assigned are PBo.7. The address of this register is XXXXX010. 


PC Register — This register has the address XXX XXO11 and contains only 6-bits. 
The 6-bits can be programmed to be either input ports, output ports or as control 
signals for PA and PB by properly programming the ADg and ADsg bits of the C/S 
Register. 

When PCp.-5 is used as a control port, 3-bits are assigned for Port A and 3 for Port 
B. The first bit is an interrupt that the TMP8155/8156 issues. The second is an 
output signal indicating whether the buffer is full or empty, and the third is an 
input pin to accept a strobe for the strobed input mode. See Table 6.2. 

When the port C is programmed to either MODE 3 or MODE 4, the control signals 
for PA and PB are initialized as follows: 


INPUT MODE Input Control 
OUTPUT MODE Input Control! 
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To summarize, the register’s address assignments are shown in Table 6.1. 


ae ees 6.1 1/O Port Addressing Scheme 


)O.aDDRESS | ADDRESS 
SELECTION NO. OF BITS 


| internal | Command/StatusRegister / Status | Command/StatusRegister 


CACOCRES TES CG ER oR nr 
Dfx [x [x [x fo fs [o [007 | cenerairuroset/orene |e 
efx [fx [xo Pe [a | econ | ceneratrurposei/0 ortorconver | 6 
pfx pcx [xfs Polo [| tomondersoisortinercoune | 
pepe fe Pepe [To [1 [wih bier esoimer count [ 
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Table 6.2 Port Control Assignment 


Input Port Output Port A INTR (Port A Interrupt) A INTR (Port A Interrupt) 
Input Port Output Port A BF (Port A Buffer Full) A BF (Port A Buffer Full) 


Input Port Output Port A STB (Port A strobe) A STB (Port A strobe) 


Input Port Output Port Output Port B INTR (Port B Interrupt) 


Input Port Output Port Output Port B BF (Port B Buffer Full) 





Input Port Output Port Output Port B STB (Port B strobe) 
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6.4 TIMER SECTION 


The timer is a 14-bit down-counter that counts the ‘timer input’ pulses and provides 
either a square wave or pulse when terminal count (TC) is reached. 

The timer has I/O address XX XXX100 for the low order byte of the register and the 
I/O address XX XXX101 for the high order of the register. 

To program the timer, the COUNT LENGTH REGISTER is loaded first, one byte at a 
time, by selecting the timer addresses. Bits 0-13 will specify the length of the next count 
and bits 14-15 will specify the timer output mode. The value loaded into the count 
length register can have any value from 2H through 3FFFH in bits 0-13. 


TIMER MODE MSB OF COUNT LENGTH 


sd 


LSB OF COUNT LENGTH 
050489 


Figure 6.3 Timer Format 


There are four timer modes which are defined by M2 and M1. 











M2 Mi 

0 0 Put out low during second half of count. 

0 1 Continuous square wave; The period of the square-wave equals the 
count length programmed with automatic reload at terminal count. 

1 0 Single pulse upon TC being reached. 

1 1 Continuous pulses. 





Note: In case of an odd-numbered count, the first half-cycle of the square-wave 
output, which is high, is one count longer than the second (low) half-cycle as 
shown in Figure 6.3. 
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Load reload reload 
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Figure 6.3 Asymmetrical Square-Wave Output resulting from Count 5 


Bits 6-7 (TM2 and TM1) of command register contents are used to start and stop the 
counter. There are four commands to choose from; 





TM2 TMI 
0 0 NOP: Do not affect counter operation. 
0 1 STOP : NOP if timer has not started; stop counting if the timer is 
running. 
1 07 STOP AFTER TC: Stop immediately after present TC is reached. 
(NOP if timer has not started) 
1 1 START : Load mode and count length and start immediately after 


loading (if timer is not presently running). 
If timer is running, start the new mode and count length 
immediately after present TC is reached. 


Note that while the counter is counting, a new count and mode can be loaded into the 
count length registers. Before the new count and mode will be used by the counter, a 
START command should be issued to the counter. This applies even though only the 
change of the count is required in the previous (same) mode. 

The counter in the TMP8155/8156 is not initialized to any particular mode or count 
when hardware RESHT occurs, but RESET does stop the counting. 

Therefore a START command must be issued via the C/S register, because counting 
cannot begin following RESET. 
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Note that the timer circuit on the TMP8155/8156 chip is designed to be a square-wave 
timer, not an event counter. To achieve this, it counts down by two twice in completing 
one cycle. Thus, its registers do not contain values directly representing the number of 
TIMER IN pulses received. Counter value ‘1’ can’t be loaded as the initial value into the 
count register because the timer operates as its terminal count value is 10 (binary). 
After the timer has started counting down, the values residing in the count registers can 
be used to calculate the actual number of TIMER IN pulses required to complete the 
timer cycle if desired. To obtain the remaining count, the following operations should be 
done in order : 


im 
2 
3 
4. 
3) 


Note: 


Stop the count. 


. Read in the 16-bit value from the count length registers. 


. Reset the upper two mode bits. 


Reset the carry and rotate right one position all 16 bits through carry. 


. If carry is set, add 1/2 of the full original count (1/2 full count~ 1 if full count is odd.) 


When the initial count value is odd and the third count pulse has not come yet, 
it will be unknown whether one or two counts has occurred. Regardless of this, 
the TMP8155/8156 always counts out the right number of pulses in generating 
the TIMEROUT waveforms. 
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7. ELECTRICAL CHARACTERISTICS 
7.1. ABSOLUTE MAXIMUM RATINGS ! 


fo [Powrbiepen [sw 
Tsowen | Seaerng Temperature oterngTine ose) | _260—| 
sre | StoregeTerpertue sow ew |e 
From orerstngTempertue Sito |e 
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7.2 D.C. CHARACTERISTICS 
TA =0°C to + 70°C, Vcc = +5V 45% 


oe 

PV [input InputLow Voltage | 05 | 5 
i Jnptissage —[waveewov | - | aw] ya 
output Leokage Curent ase Voursvec | - | 210 | yA 
SS 


Chip Enable Leakage 
Vin = Vcc to OV. + 100 
-— 100 


8155 
050489 
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li (CE) 
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7.3 A.C. CHARACTERISTICS 
TA =0°C to + 70°C, Vec = +5V 45% 


Tiar__[Addressto latch seuptime +30 | — | as 
ix [AddressHold Time afterlatch___—«|_30.| | a 
ic [tatch to READ WRITE Control___——«| 4 | — | ns 


trp Valid Data out Delay from READ Control 140 ns 
tap Address Stable To Data Out Valid 

LL Latch Enable Width 

tRDE Data Bus Float after READ 

tcL READ /WRITE Control Latch Enable 
tcc READ / WRITE Control Width 

DW Data in to WRITE Setup Time 

WD Data in Hold Time After WRITE 

RV Recovery Time Between Controls 

WP WRITE to Port Output 

tpr Port Input Setup Time 
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ot 
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cot 
pe 


> 


Port Input Hold Time 
Strobe to Buffer Full 
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ee 
Le 8 
aa 
eed 
150 
READ to Buffer Empty Ls 
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| 200 
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tH 
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tr, tf 
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Strobe to INTR On 

Strobe to INTR Off 

Port Setup Time to Strobe 
Port Hold Time after Strobe 
Strobe to Buffer Empty 
WRITE to Buffer Full 

WRITE to INTR Off 

TIMER-IN to TIMEROUT Low 
TIMER-IN to TIMEROUT High 
Data Bus Enable from READ Control 
TIMER-IN Low Time 
TIMER-IN High Time 

CLK Cycle Period 

CLK Rise and Fall Time 


WRITE to TIMER-IN 
(for writes which start counting) 
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Notes: 1. Test conditions CL=150pF 
2. Timing defining signal voltage are ; 
Output High level =2V, Low level =0.8V 
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8. TIMING WAVEFORMS 












CE 
CE 
lo/M 
ADo~7 — a_abDRESS_ > --- - - LD DATA = = 
tLA 
ALE ‘ 
<—_——- tL |,;§ ——_—_> 
<tr tethor 
— 
tic ~<—tei 
tcc <—_—__—_—trv 050489 
Figure 8.1 READ CYCLE’ 
CE Cy 
lOo/M 
ADo~7 Te ED < OT 
tal ———> tLA 
tow tel 
ALE : 4 
<_—— Te : 
WR <= tic | twbD 
N y 
«<———_-__— try 


x—_—$—— tcc 050489 


Figure 8.2 WRITE CYCLE 





RD 
PORT (ne. en: < 
AD? wenn (WY > = ------ 55; 
oe 2 ; 050489 
Figure 8.3 BASIC INPUT MODE 
WR 
twp 
PORT | 
ADo~7 2 => 
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Figure 8.4 BASIC OUTPUT MODE 
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BF 


STROBE 


INTR 


RD 


PORT INPUT 


BF 


STROBE 


INTR 


TIMER IN 


TIMER OUT 


(PULSE) 


TIMER OUT 


(SQUARE 
WAVE) 


Figure 8.5 STROBED INPUT MODE 


Figure 8.6 STROBED OUTPUT MODE 


| 


Figure 8.7. TIMER OUTPUT WAVEFORM 


TMP8155/8156 
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9. OUTLINE DRAWING (40Pins Plastic Package) 
DIP40-P-600 
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Note: Each lead pitch is 2.54mm, and all the leads are located within +0.25mm 
from their theoritical positions with respect to No. 1 and No. 40 leads. 
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TMP82C51AP-2 /TMP82C51AP-10 
TMP82C51AM-2 /TMP82C51AM-10 


PROGRAMMABLE COMMUNICATION INTERFACE 


1. GENERAL DESCRIPTION 


The TMP82C51A is the industry standard Universal Synchronous/Asynchronous 
Receiver/Transmitter (USART) that is fabricated using C-MOS silicon gate technology. 
The 82C51A is mainly used for 8-bit microcomputer extention system, which require 
serial data communications. 

The TMP82C51AP-2/TMP82C51AP-10 is packaged in the 28 pin standard Dual 
Inline Package. 

The TMP82C51AM-2/TMP82C51AM-10 is packaged in the 28 pin Small Out Line 
Package. 


FEATURES 


@ Synchronous: 
5-8 Bit Characters 
Internal or External Character Synchronization 
Single or Double Character Synchronization (Inrternal) 
Automatic Sync Character(s) Insertion 


@ Asynchronous: 
5-8 Bit Characters 
Clock Rate -1,16 or 64 Times Transfer Rate 
Break Character Generation 
1, 1.5 or 2 stop Bits 
False Start Bit Detection 
Automatic Break Detect and Handling 


e Transfer Rate TMP82C51A-2 TMP82C51A-10 
DC-104K bps DC-300K bps 
@ Full-Duplex, Double-Buffered, Transmitter and Receiver 


e Error DetectionParity, Overrun and Framing. 


@ Single +5V Supply: 5V £10% 
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2. PIN CONNECTIONS 


D2 
D3 
RxD 
GND 
Da 
Ds 
De 
D7 
TxC 
WR 
cs 
c/D 
RD 
RxRDY 


3. BLOCK DIAGRAM 


(DIP, SOP) 





RECEIVE DATA 
BUFFER 


STATUS DATA 
. BUFFER ) 


TRANSMIT DATA 
BUFFER 


READ/WRITE 
CONTROL 
LOGIC 


INTERNAL DATA BUS 
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SYNDET/BD 
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PIN NAMES AND PIN DESCRIPTIONS 
INTERFACE SIGNALS TO CPU (MAIN SYSTEM) 
e D0-D7 (Input/Output) 


This 3-state, bidirectional, 8-bit buffer is used to interface with the system Data 
Bus. Data is transmitted or received through the buffer upon execution of Input or 
Output Instructions of the CPU. Control Words, Command Words and Status 
Information are also transferred through the Data Bus Buffer. 


WR (Input) 


A “low” level signal on this input informs the 82C51A that the CPU is Writing 
Data or Control Words to the 82C51A. 


RD (Input) 

A “low” level signal on this input informs the 82C51A that the CPU is Reading 
Data or Status Information from the 82C51A. 
CS (Input) 


A “low” level signal on this input selects the 82C51A. No reading or writing 
operation will occur unless the device is selected. When CS is “high” the Data Bus is 
in the floating state and RD and WR have no effect on the chip. 


C/D (Input) 


This input signal, in conjuction with the WR and RD inputs, informs the 82C51A 
that the word on the Data Bus is either a Data Bus Character, Control Word or Status 
Information. A “high” level signal means Control or Status, a “low” level signal 
means Data. 


ed 


c/D RD R cs 
0 0 1 0 82C51A Receive DATA Buffer — DATA Bus 
0 1 0 0 82C51A Transmit DATA Buffer < DATA Bus 
1 0 1 0 82C51A Status DATA Buffer — DATA Bus 
x 1 1 0 DATA Bus is in floating state. 
xX x x 1 DATA Bus is in floating state. 
CLK (Input) 


The CLK input is used to generate internal device timing. No external input or 
output referenced to CLK, but the frequency of CLK must be greater than 30 times 
the Receiver or Transmitter Data Bit Rates (RxC or TxC) in Synchronous Operation, 
and greater than 4.5 times the Receiver Data Bit Rates (RxC or Trransmiter, TxC) in 
Asynchronous operation. 
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4.2 


4.3 


RESET (Input) 


A “high” level signal on this input forces the 82C51A into an “Idle” mode. The 
device will remain “Idle” until a new set of Control Words is written into the 82C51A 
to program its functional definition. Minimum RESET pulse width is 6 tcy. 


MODEM CONTROL SIGNALS 


DSR (Input) 


The DSR input signal is a general purpose, 1-bit inverting input port. Its condition 
can be tested by the CPU using a Status Read Operation. The DSR input is normally 
used to test MODEM conditions such as Data Set Ready signal. 


DTR (Output) 


The DTR output signal is a general purpose, 1-bit inverting output port. It can be 
set “low” by programming the appropriate bit in the Command Instruction Words. 





The DTR output signal is normally used for MODEM control such as Data Terminal 
Ready or Rate Select signal. 


RTS (Output) 


The RTS output signal is a general purpose, 1-bit inverting output port. It can be 
set “low” by pogramming the appropriate bit in the Command Instruction Word. The 
RTS output signal is normally used for MODEM control such as Request to Send 
signal. 


CTS (input) 


A “low” level signal on this input enables the 82C51A to transmit serial data, if the 
Tx Enable Bit in the Command Byte is set to a “one” (TXEN=1). If either a Tx 
Enable off (TxEN=0) or CTS off (CTS=1) condition occurs while the Tx is in 
operaion, the Tx will transmit all the data in the USART, written prior to Tx Disable 
Command before shutting down. 





TRANSMIT CONTROL SIGNALS 


TxC (Input) 


The transmitter Clock controls the rate at which the character is to be transmitted. 
In the Synchronous Transmission Mode, the Transfer Rate (1x) is equal to the TxC 
frequency. In Asynchronous Transmission Mode the transfer rate is a fraction of the 
actual TxC ferquency. A portion of the Mode Instruction selects this factor; it can be 
1, 1/16 or 1/64 the TxC. 
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For Example: 
If Transfer Rate equals 110 bps, 
Tx 110 Hz (1x) 
TxC = 1.76kHz (16x) 
TxC = 7.04 Hz (64x) 
The falling edge of TxC shifts the serial data out of the 82C51A. 


e TxD (Output) 


This line is used to transmit serial data. Serial output data on TxD is changed 
from parallel data to serial data in accordance with the TxD line will be held in the 
marking state (‘1’ level) immediately on one of the followings. 

Master Reset - ‘Tx Disable (TxEN=0) 
CTS signal is high (CTS=1) - TxEMPTY signal is high (TxEMPTY =1) 


e TxRDY (Output) 


This output informs the CPU that the transmitter is ready to accept a Data 
Character. The TxRDY output pin can be used as an interrupt to the system, since it 
is masked by Tx Disable (TxEN=0), or, for polled Operation, the CPU can check 
TxRDY using a Status Read Operation, TxRDY is automatically reset by the trailing 
edge of WR when a Data Character is loaded from the CPU. The TxRDY pin output 
status (TxRDY (pin)) is different from the TxRDY status bit status register (TxRDY 
(status bit)) as follows. | : 

TxRDY (status bit) = (Transmit Data Buffer Empty) 
TxRDY (pin) = (Transmit Data Buffer Empty) AND (CTS=0) AND (TxEN =1) 


@ TxEMPTY (Output) 


The TxEMPTY output will go “high” when the 82C51A has no characters to send. 
It resets upon receiving a character from the CPU if the transmitter is enabled. 

In Synchronous Mode, a “high” level signal on this output indicates that a 
Character has not been loaded and the SYNC Character or Characters are about to be 
or are being transmitted automatically as “fillers”. TxEMPTY does not go “low” 
when the SYNC characters are being shifted out. 
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4.4 RECEIVE CONTROL SIGNALS 





@ RxC (Input) 


The Receiver Clock controls the rate at which the character is to be received. In 
Synchronous Mode, the Transfer Rate (1x) is equal to the actual frequency of RxC. In 
Asynchronous Mode, the Transfer Rate is a fraction of the actual RxC frequency. A 
portion of the Mode Instruction selects this factor; 1, 1/16 or 1/64 the RxC. 

For Example: 

If Transfere Rate equals 2400 bps, 

RxC = 2.4kHz (1x) 
RxC = 38.4kHz (16x) 
RxC = 153.6kHz (64x) 
Data is sampled into the 82C51A on the rising edge of RxC. 


@e RxD (Input) 


This line is used to receive the serial data. Serial input data on this line is changed 
to parallel data in accordance with the format specified by the Control Words, and 
then transfered to the Receive Data Buffer. 


@e RxRDY (Output) 


This output indicates that the 82C51A contains a Data Character that is ready to 
be input to the CPU. RxRDY can be connected to the interrupt structure of the CPU, 
or, for Polled Operation, the CPU can check the condition of RxRDY using Status 
Read Operation. 

Rx Enable off both masks and holds RxRDY in the Reset Condition. 


® SYNDET/BD (Input/Output) 








This pin is used for SYNDET in Synchronous Mode and may used as either input 
or output, programmable through the Control Word. It is reset to output mode “low” 
upon RESET. When used as an Output (Internal Syne Mode), the SYNDET pin will 
go “high” to indicate that the 82C51A has located the SYNC Character in the Receive 
Mode. Ifthe 82C51A is programmed to use Double Sync Characters then SYDET will 
go “high” in the middle of the last bit of the second SYNC Character. SYNDET is 
automatically reset upon a Status Read Operation. When used as an Input (External 
Sync Mode), a positive going signal will cause the 82C51A to start assembling Data 
Characters on the rising edge of the next RxC. 
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In Asynchronous Mode this pin is used BD. 

This output will go ”high” whenever the receiver remains “low” through two 
consecutive Stop Bit Sequences (including the Start Bits, Data Bits, and parity bits). 
Break Detect may also be read as a Status Bit. 

It is reset only upon a Master Chip Reset or Rx Data returning to a “one” state. 


4.5 POWER SUPPLY. 
e VCC (Power) | 
+5 Volt supply 
@ GND (Power) 
0 Volt supply 
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5. 
5s 


ELECTRICAL CHARACTERISTICS 
MAXIMUM RATINGS 


Power Dissipation 
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5.2 D.C CHARACTERS 


Topr= —40°C to +85°C, VCC = +5V + 10%, GND = OV, Unless otherwise noted. 
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IOFL Output Leak Current 0.45VS VOUTS VCC 
Input Leak Current 0.45VSVOUTSVCC 


(AP-2/AM-2, 5MHz) Vin =4.8V/0.2V 
(AP-8/AM-8, 8MHz) Vin = 4.8V/0.2V 










Power Supply Current |tcyc=100ns 
(AP-10/AM-10, 10MHz) | Vin = 4.8V/0.2V 


Power Supply Current aba clgeKs 
ICC2 (Standby Mode) VCC= by CS = 1 
. Vin = 4.8V/0.2V 
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5.3. AC CHARACTERISTICS 
Topr= — 40°C to 85°C, VCC =5V+10%, GND =O0V, Unless otherwise noted. 
5.3.1 Bus Read Cycle Timing Note 1) | 


ane : Test ae Tae | AP-10/AM-10 | as 


CS, C/D Set-up 
Time for RD 
cs, C/D Hold 
coon for RD 
| tan [RDPulsewidth | frien [Da fe a 
Data Delay Time CL = 150pF 140 00 
for RD Note 2) Note 3) 
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wa 
a 





5.3.2 Bus Write Cycle Timing (Note 1) 


aioe : ; Test AP-2 /AM-2 AP-10/AM-10 aie 
ymbo arameter ‘ nits 
Conditions 
CS, C/D Set-up 
Time for WR 


CS, C/D Hold 
Time for WR 


| tww [RD RD Pulse Width | Width 


' Data Hold Time 
WD | for WR 
Recovery Time Between 
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5.3.3 Other Timings 

= | 
ft [Clock High LevelWaith | 80 | - | 40 | - | rs 
fit [Clocktowlevelwaith | 50 | - | 30 | - | ns 
AR AF _|[ClockRise, Falltime —~+| - | 20 | - | 10 | ns 


fom [oom sf fT | 
tDTx 

Edge of TxC 

fTx | Clock Frequency che 
16x, 64x, 

16x, 64x, 

16x, 64x, 


16x, 64x, 
Baud Rate 


TxRDY Pin Delay Time from 
tTxRDY ji 

Center of Last Bit 
tTxRDY | TxRDY Clear Delay Time from 
CLEAR | Leading Edge of WR 

TxRDY Pin Delay Time from 
tRxRDY 

Center of Last Bit 
tRxRDY | TXRDY Clear Delay Time from 
CLEAR |Leading Edge of WR 


tis Internal SYNDET Delay Time 
from Rising Edge of RxC 
External SYNDET Set-up Time for 
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Notes: 
1) AC Test Condition: Output measuring points VOH=2.2V, VOL=0.8V 
Input supply level VIH =2.4V, VIL=0.45V 
2) Assumes that Address is valid before the falling edge RD. 
3) CLmeans load capacitance. 
4) This recovery time is defind only for Mode Intialization. 
Write Data is allowed only when TxXRDY =1. Recovery Time between Writes for Asynchronous 
Mode is 8 tcyc and for Synchronous Mode is 16 tcye. 
5) The TxC and RxC frequencies have the following limitations with respect to CLK: 
For 1x Transfer Rate, fTx or fRx <1 (30 tcyc) 
For 16x and 64x Transfer Rate, fI'x or fRx3 1 (4.5 tcyc) 
6) Minimum Reset Pulse Width is 6 tcyc. System Clock must running during Reset. 
7) Status up data can have a maximum delay of 28 clock periods from the event affecting the 


status. 
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6. TIMING WAVEFORMS 





CLK 
050489 
Figure 6.1 System Clock 
TTPL TTPH 
TxC (1XxMODE) 
TxC (16xMODE) +4 
tpTx 

TxD cea: <i 

050489 
Figure 6.2 Transmitter Clock and Data 
Rx transfer counter starts here. 
ane £ START BIT DATA BIT 
TRPL TRPH 
8RxC PERIODS 16RxC PERIODS 
RxC (16xMODE) (16xMODE) (16xMODE) 
3tcyc 
INTERNAL 
SAMPLING PULSE 
tH 
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Figure 6.3 Receiver Clock and Data 
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TxRDY 
tTxRDY CLEAR 


DATA BUS DON'T CARE je ae | DON’T CARE 
(INPUT DATA) | ——{_ DATA STAB - 
AW 
cs 
050489 
Figure 6.4 Write Data Cycle (MPU — 82C51A) 
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Figure 6.5 Read Data Cycle (82C51A — MPU) 
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DTR, RTS 
tww twe 
WR 
\ y, 
twp 
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Figure 6.6 Write Control or Output Port Cycle (MPU — 82C51A) 
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Figure 6.7 Read Control or Input Port Cycle (82C51A — MPU) 
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EXAMPLE FORMAT : 5 BIT CHARACTER WITH PARITY 2 SYNC CHARACTERS. 050489 
Figure 6.8 Transmitter Control and Flag Timing (SYNC Mode) 
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EXAMPLE FORMAT : 5 BIT CHARACTERS WITH PARITY 2 SYNC CHARACTERS. 050489 


Figure 6.9 Receiver Control and Flag Timimg (SYNC Mode) 
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WR LT 
TxD ° “ 
: SORCEOOUGSRECCCOCCCUSEONCC COCO \eGaeless este 
DATA DATA DATA DATA 
CHARA CHARA2 CHARA3 CHARA4 050489 
EXAMPLE FORMAT : 7 BIT CHARACTER & 2 STOP BITS. 
oie TxRDY (PIN) = (Transmit Data Buffer is empty) . (TxEN=1) . (CTS=0) 
TxRDY (STATUS BIT) = (Transmit Data Buffer is empty) 
Figure 6.10 Transmitter Control and Flag Timimg (ASYNC Mode) 
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Figure 6.11 Receiver Control and Flag Timing (ASYNC Mode) 
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7. OUTLINE DRAWING 
7.1. DIP 
DIP28-P-600 
Unit: mm 
28 15 4 
' =). oe = 
1 14 eS 
| 37.0202 | 
Ace 
i 
sh ke 
S in 
4 ~m 
1.99TYP 2.54 
270289 


Note : Lead pitch is 2.54mm and to lerance is +0.25mm against theoretical center of each lead that 
is obtained on the basis of No.1 and No.28 leads. 
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7.2 SOP 
SOP28-P-450 
Unit: mm 
18.5+0.2 
a) = 
3S e 
+1 & 
[+e] (an) 
: Ww 
~ <t 
1.27 
oe x 
* < 
= 
—a7-2 
w a 
ae ag 
i} 0.1 | oa i 
° ° 
1.0+0.2 
270289 


Note: Package Width and Length do not include Mold Protrusions. 
Allowable Mold Protrusion is 0.15mm. 
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PROGRAMMABLE COMMUNICATION INTERFACE 


TMP8251AP 


1. GENERAL DESCRIPTION 


The TMP8251AP is the industry standard Universal Synchronous/Asynchoronous 
Receiver/Transmitter (USART) that is fabricated using N-channel silicon gate MOS 
technology. 

The TMP8251A is mainly used for 8-bit microcomputer extension systems, which 
require serial data communications. 

The TMP8251AP is packaged in the 28pin standard Dual Inline package. 


FEATURES 
e Synchoronous: 


5-8 Bit Characters 

Internal or External Character Synchronization 
Single or Double Character Synchronization (Internal) 
Automatic Sync Insertion 


e Asynchronous: 


5-8 Bit Characters 

Clock Rate - 1, 16 or 64 Times Transfer Rate 
Break Character Generation 

1, 1.5, or 2 Stop Bits 

False Start Bit Detection 

Automatic Break Detect and Handling 


e Transfer Rate DC to 64K bps (Synchronous) 
DC to 19.6K bps (Asynchronous) 
e Full-Duplex, Double-Buffered, Transmitter and Receiver 
e Error DetectionParity, Overrun and Framing 
e Single +5V Supply 
e Compatible with Intel’s 8251A/S2657 
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2. PIN CONNECTIONS (TOP VIEW) 


D2 
D3 
RxD 
GND 
D4 
Ds 
De 
D7 
TxC 
WR 
cs 
Cc/D 
RD 
RxRDY 


3. BLOCK DIAGRAM 
RECEIVE DATA 
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PIN NAMES AND PIN DESCRIPTIONS 
INTERFACE SIGNALS TO MPU (MAIN SYSTEM) 
) Do~D7 Unput/Output) 


This 3-state bidirectional, 8-bit buffer is used to interface the 8251A to the 
system Data Bus. Data is transmitted or received through the buffer upon 
execution of Input or Output Instructions of the MPU. Control Words, Command 
Words and Status Information are also transffered through the Data Bus Buffer. 


e WR (Input) 


A “low” level signal on this input informs the 8251A that the MPU is Writing 
Data or Control Words to the 8251A. 


e =6RD (Input) 


A “low” level signal on this input informs the 8251A that the MPU is Reading 
Data or Status Information from the 8251A. 


e CS (Input) 


A “low” level signal on this input:selects the 8251A. No reading or writing ~° 
operation will occur unless the device is selected. When CS is “high” the Data Bus 
is in the floating state and RD and WR have no effect on the chips. 


e  C/D (Input) 


This input signal, in conjunction with the WR and RD inputs, informs the 
82514 that the word on the Data Bus is either a Data Character, Control Word or 
Status Information. A “high” level signal means Control or Status, a “low” level 
signal means Data. 


cD RD WR CS 
0 0 1 0 8251A Recieve DATA Buffer — Data Bus 
0 1 0 0 8251A Transmit DATA Buffer < Data Bus 
1 0 1 0 8251A Status DATA Buffer — Data Bus 
1 1 0) 0 8251A Command DATA Buffer <— Data Bus 
x 1 1 0 DATA Bus is in floating state. 
x x x 1 a 
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4.2 


CLK (Input) 


The CLK input is used to generate internal device timing. No external input or 
output is referenced to CLK, but the frequency of CLK must be greater than 30 
times the Receiver or Transmitter Data Bit Rates (RxC or TxC) in Synchronous 
Operation, and greater than 4.5 times the Receiver Data Bit Rated (RxC) in 
Asynchronous Operation. 


RESET (Input) 


A “high” level signal on this input forces the 8251A into an “Idle” mode. The 
device will remain at “Idel” untill a new set of Control Words is written into the 
8251A to program its functional definition. Minimum RESET pulse width is 6 tcy. 


MODEM CONTROL SIGNALS 


DSR (Input) 


The DSR input signal is a general purpose, 1-bit inverting input port. Its 
condition can be tested by the MPU using a Status Read Operation. The DSR 
input is normlaly used to test MODEM conditions such as Data Set Ready signal. 


DTR (Output) 


The DTR output signal is a general purpose, 1-bit inverting output port. It can 
be set “low” by programming the appropriate bit in the Command Instsruction 
Word. The DTR output signal is normally used for MODEM control such as Data 
Terminal Ready or Rate Select signal. 


RTS (Output) 


The RTS output signal is a general purpose, 1-bit inverting output port. It can 
be set “low” by programming the appropriate bit in the Command Instruction 
Word. The RTS output signal is normally used for MODEM control such as 
Request to Send signal. 


CTS (Input) 


A “low” level signal on this input enables the 8251A to transmit serial data, if 
the Tx Enable Bit in the Command Byte is set to a “one” (TxEN=1). If either a Tx 
Enable off (TxEN=0) or CTS off (CTS=1) condition occurs while the Tx is in 
operation, the Tx will transmit all the data in the USART, written prior to Tx 
Disable Command before shutting down. 
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4.3. TRANSMIT CONTROL SIGNALS 


TxC (Input) 


The Transmitter Clock Controls the rate at which the character is to be 
transmitted. In the Synchronous Transmission Mode, the transfer rate (1x) is 
equal to the TxC frequency. In Asynchronous Transmission Mode, the transfer 
rate is a fraction of the actual TxC frequency. A poriton of the Mode Instruction 
selects this factor; it can be 1, lig or Lie, the TxC. | 


For Example: | 
If transfer rate equals 110 bps, 
TsO =110 Hzix) 
TxC =1.76 KHz (16x) 
TxC =7.04 KHz (64x) 


The falling edge of TxC shifts the serial data out of the 8251A. 
TxD (Output) 


This line is used to transmit the serial data. Serial output data on TxD is 
changed from paralled data to serial data in accordancae with the format specified 
by the Control Words. 


TxD line will be held in the marking state (‘1’ level) immediately on one of the 
following.s 

o Master Reset | o Tx Disable (TxEN =0) 

° CTS signal is high (CTS=1) eo TxEMPTY signal is high (TxEMPTY =1) 


TxRDY (Output) 


This output informs the MPU that the transmitter is ready to accept a Data 
Character. The TxRDY output pin can be used as an interrupt to the system, since 
it is masked by Tx Disable (TxEN=0), or, for polled Operation, the MPU can check 
TxRDY using a Status Read Operaiton. TxRDY is automatically reset by the 
trailing edge of WR when a Data Character is loaded from the MPU. The Tx RDY 
pin output status (Tx RDY (pin)) is different from the TxRDY status bit status 
(TxRDY (status bit)) as follows. 


TXRDY (status bit )=(Transmit Data Buffer Empty) 
TxRDY (pin) =(Transmit Data Buffer Empty) -(CTS=0) - (TxEN=1) 
TxEMPTY (Output) 


The TxXEMPTY output will go “high” when the 8251A has no characters to send. 
It resets upon receiving as character from the MPU if the transmitter is enabled. 
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In Synchronous Mode, a“high” level signal on this output indicates that a 
Character has not been loaded and the SYNC Character or Characters are about to 
be or are being transmitted automatically as “fillers”. Tx EMPTY does not go 
“low” when the SYNC characters are being shifted out. | 


4.4 RECEIVE CONTROL SIGNLAS 


RxC (Input) 


The Receiver Clock controls the rate at which the character is to be received. In 
Synchronous Mode, the Transfer Rate (1x) is equal to the actual frequency of RxC. 
In Asynchronous Mode, the Transfer Rate is a fraction of the actual RxC 
frequency. A portion of the Mode Instruciton selects this factor; 1, lig or Lig, the 
RxC. 


For Example: 
if Transfer Rate equals 2400 bps, 
RxC =2.4 KHz (1x) 
RxC =38.4 KHz (16x) 
RxC = 153.6 KHz (64x) 


Data is sampled into the 8251A on the rising edge of RxC. 
RxD (Input) 


This line is used to receive the serial data. Serial input data on this line is 
changed to parallel data in accordance with the format specified by the Control 
Words, and then transfered to the Receive Data Buffer. 


RxRDY (Output) 


This output indicates that the 8251A contains a Data Character that is ready to 
be input to the MPU. RxRDY can be connected to the interrupt structure of the 
MPU, or, for Polled Operation, the MPU can check the condition of RxRDY using a 
Status Ready Operaiton. 


Rx Enable off both masks and holds RxRDY in the Reset Condition. 
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SYNDET/BD (Input/Output) 


This pin is used for SYNDET in Synchronous Mode and may be used as eigher 
input or ourput, programmable through the Contorl Word. It is reset to output 
mode “low” upon RESET. When used as an Output (Internal Syne Mode), the 
SYNDET pin will go “high” to indicate that the 8251A is programmed to use 
SYNC Character in the Receive Mode. Ifthe 8251A is programmed to use Double 
Sync Characters then SYNDET will go “high” in the middle of the last bit of the 
second SYNC Character. SYNDET is automatically reset upon a Status Read 
Operation. When used as an Input (External Sync Mode), a positive going signal 


will cause the 8251A to start assembling Data Characters on the rising edge of the 
next RxC. 


In Asynchronous Mode this pin is used for BD. This output will go “high” 
whenever the receiver remains “low” through two consecutive Stop Bit Sequences 
(including the Start Bits, Data Bits, and Parity Bits). Break Detect may also be 
read as a Status Bit. It is reset only upon a Master Chip Reset or Rx Data 
returning to a “one” state. But, if the Rx data returns to a “one” State during the 
last bit of the next character after the Break, Break detect does not always reset. 


4.5 POWER SUPPLY 


Voc (Power). 
+5 Volt supply 


GND (Power) 
0 Volt supply 
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5. ELECTRICAL CHARACTERISTICS 
5.1 MAXIMUM RATINGS 


SYMBOL ITEM RATING 
Power Supply Voltage (with respect to GND) -0.5V to 7.0V 


VIN Input Voltage (with respect to GND) -0.5V to 7.0V 


Output Voltage (with respect to GND) ~0.5V to 7.0V 


Power Dissipation (Ta = 70°C) 


Soldering Temperature (10 sec) 260°C 
Storage Temperature — 55°C to 150°C 
Operating Temperature O°C t6.70°C 
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5.2 D.C. CHARACTERISTICS 
Topr = 0°C to 70°C, Vec = 5V 5%, GND = OV, Unless otherwise noted. 


oe eae ones eee 
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5.3 A.C CHARACTERISTICS 
Topr = 0°C to 70°C, Vec = 5V 5%, GND = OV, Unless otherwise noted. 


5.3.1 Bus Read Cycle Timing Note 1) 


an |S Dseruptinerorms [| ———S—S*dtC se] 
[ae [bp 
Pim RSP Pa = 
Por [EE wBsetwotine oS | | wf eo oe 
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5.3.2 Bus Write Cycle Timing Note 1) 


CS a SA 
CS, C/D Set-up Time for WR 

ec a een Ree ee BE 
eww [WePusewisth «| SSSSS~d Cs] | | 
Tow | Dowasetuptinerorwe | —=~d~so] = | = | 
Pwo [Detevotstinerorwe | ——S«dt~é | (| - | 
Fwy [Recovery Tine berweenwaires| wen | of | — | toe 
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5.3.3 Other Timing 
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TxD Delay Time from Falling Edge of 
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ASEOT. oh Gee Bauch R ate ra 
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trey Clock High Level tye 
Width 16, 64x Baud Rate [ee 
Transmitter Input 1x Baud Rate 
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Transmitter Input 
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Note: 
1) AC Test Conditions: Output measuring Point Voy=2.0V, VoL=0.8V 
Input supply level Vin =2.4V, Vip=0.45V 
2) Assumes that Address is valid before the falling edge of RD. 
3) Cy means load capacitance. 
4) This recovery time is defined only for Mode Intialization. 
Write Data is allowed only when TxRDY=1. Recovery Time between Writes for Asynchronous 
Mode is 8 tcy and for Synchronous Mode is 16 tcy. 
5) The TxC and RxC frequencies have the following limitations with respect to CLK: 
For 1x Transfer Rate, fp, or frx=1/ (30tcy) 
For 16x and 64x Transfer Rate, fp, or frxS1/ (4.5tcy) 
6) Minimum Reset Pulse Width is 6 tcy. System Clock must be running deine Reset. 
7) Status up data can have a maximum delay of 28 clock periods from the event affecting the 


status. 
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6. TIMING WAVEFORMS 


CLK 
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Figure 6.1 System Clock 
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TxC (16x MODE) 
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Figure 6.3 Receiver Clock and Data 
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TxRDY 


DATA BUS 
(INPUT DATA) 


RxRDY 


DATA BUS 
(OUTPUT DATA) 


DON'T CARE 


TMP8251A 


tTxRDY CLEAR 
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Figure 6.4 Write Data Cycle (MPU-8251A) 
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DATA FLOATING 


Figure 6.5 Read Data Cycle (8251A—>MPU) 
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Figure 6.6 Write Contorl or Output Port Cycle (MPU—982251A) 
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Figure 6.7 Read Control or Input Port Cycle (8251A—>MPU) 
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EXAMPLE FORMAT: 5 BIT CHARACTER WITH PARITY 2 SYNC CHARACTERS. 050489 


Figure 6.8 Transmitter Control and Flag Timing (SYNC Mode) 
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EXTERNAL 
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Figure 6.9 Receiver Controla nd Flag Timing (SYNC Mode) 
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EXAMPLE FORMAT: 7 BIT CHARACTER & 2 STOP BITS. Seats 
504 


Note: TxRDY (PIN) — (Transmit Data Buffer is empty) -(TxEN=1) -(CTS—0) 
TxRDY (STATUS BIT) — (Transmit Data Buffer is empty) 


Figure 6.10 Transmitter Control and Flag Timing (SYNC Mode) 
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Figure 6.11 Receiver Control and Flag Timing (ASYNC Mode) 
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TMP8251A 
7. OUTLINE DRAWING (Dual Inline Package) 
DIP28-P-600 
Unit: mm 
28 15 % 
© 
st 
1 14 
| 37.0+0.2 | 
a: 
oe 7 
2 Oo 
cn Gi 
<o' Qos os 
1.99TYP 254 
270289 


Note: Lead pitch is 2.54m and to lerance is 25mm against theoretical center of each lead that is obtained on the 


basis of No.1 and No.28 leads. 
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1. GENERAL DESCRIPTION 


2. FEATURES 
@ Count Binary or BCD 
e 3 Independent 16 Bit Counters 
e Single +5V Supply 
e Count rate DC to 5MHz 
e 6 programmable Counter Mode 
@ 
@ 


TMP82C53 


PROGRAMMABLE INTERVAL TIMER 


TMP82C53P-2 


The TMP82C58P-2 (hereinafter referred to as TMP82C53) is a programmable 
counter/timer. It is organized as 3 independent 16 bit counters, each operates with a 
count rate of up to5MHz. All modes of operation are software programmable. 


Low Power Consumption 5mA MAX. @5MHz 


Extended Operating Temperature — 40°C to 85°C 


3. PIN CONNECTIONS 


D7 

De 

Ds 

D4 

D3 

D2 

Dj 

Do 
CLKo 
OUTo 
GATE 
Vss (GND) 0 12 





TMP82C53P-2 


Table 3.1. PIN NAMES 


Counter Clock Input 
RO | ReadCounter ———*s 


Sroundlou 
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4. 


BLOCK DIAGRAM 
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PIN NAMES AND PIN DESCRIPTION 


Vss (GND) (Power Supply) 
Ground. 
VCC (Power supply) 
+5V during operation. 
CS (Input) 


A low level input on this pin enables read and write communication between the 
MPU and the TMP82C53. The CS input has no effect upon the actual operation of 
the counters. 


Ao, Az (input) 


These inputs acts in conjunction with the CS, WR, and RD pins. This pin is used 
to select one of the three counters to be operated on and to address the control word 
register for mode selection. 


WR (Input) 


A low level input on this pin when CS is low enables the TMP82C58 to accept 
mode information or loading counters from the MPU. 


RD (Input) 


A low level input on this pin when CS is low enables the TMP82C53 to output a 
counter value onto the data bus. 
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Do-D7 Input/Output) 


Bidirectional 8bit data bus. Mode information and the count values are 
transferred via this data bus. 


® CLKo-CL Koa (Input) 


Clock inputs to counters. Falling edge on this pin enable the counter to count 
down. 


e GATE 9-GATEg (Input) 


Gate inputs to counters. The function of this pin differs by the mode selection of 
counter operation. 


e OUT )-OUT» (Output) 


Outputs from the counters. The output signal from this pin differs by the mode 
selection of counter operation. 
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6. FUNCTIONAL DESCRIPTION 


[Block Description] 
Data Bus Buffer 


This is 38-state, bidirectional, 8 bit buffer used for interfacing the TMP82C58 to the 
system data bus. The Data Bus Buffer has three functions as follows. Programming 
the MODEs of the TMP82C538, Loading the count registers, and Reading the count 
values. 


Read/Write Logic 


The Read/Write Logic accepts inputs from the system bus and in turn generates 
control signals for overall device operation. 


Table6.1 Counter Addressing 


Po [ea fe [a [Reed councerst 
Poe [aT freed conte 
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Control Word Register 


The Control Word Register is selected when Ao, Ay are 11. It then accepts 
information from the data bus buffer and stores it in a register. The information 
stored in this register controls the operation mode of each counter, selection of binary 
or BCD counting and the loading of each count register. No reading of the contents of 
the control Word Register is available. 


Counter #0, Counter #1, Counter #2 


Since these three counters are identical, only a single counter will be described 

herafter. Each counter consists of a single, 16bit, presettable, down counter. The. 
counter can operate in either binary or BCD and its input, gate and output are 
configured by the selection of modes (6 modes: MODE 0 to MODE 5) stored in the 
Control Word Register. Also the control word handles the loading of the count value 
so that software overhead can be minimized for these functions. 
The reading of the contents of each counter is available to the programmer with 
simple read operations for event counting applications. Special commands and logic 
are built in the TMP82C53 so that the contents of each counter can be read "on-the- 
fly" without having to inhibit the clock input. 


[MODE Definition] 
Mode 0: Interrupt on Terminal Count. 


The output will be initially low after the mode set operation. After the count is 
loaded into the selected count register, the output will remain low and the counter 
will count. When terminal count is reached, the output will go high and remain high 
until the selected count register is reloaded with the mode or a new count. value is 
loaded. The counter continues to decrement after terminal count has been reached. 
Rewriting a counter register during counting results in the following: 


(1) Write Ist byte stops the current counting. 
(2) Write 2nd byte starts the new count. 


MODE1: Programmable One Shot. 


The output will go low on the count following the rising edge of the GATE input. 
The output will go high on the terminal count. If a new count value is loaded while 
the output is low it will not affect the duration of the one-shot pulse until the 
succeeding trigger. The current count can be read at any time without affecting the 
one-shot pulse. 

‘The one-shot is retriggerable, hence the output will remain low for the full count after 
any rising edge of the GATE input. 
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MODE2: Rate Generator 


Divide by N counter. The output will be low for one period of the input clock. The 
period from one output pulse to the next equals the number of input counts in the 
count register. If the count register is reloaded between output pulses the present 
period will not be affected, but the subsequent period will reflect the new value. 

The GATE input, when low, will force the output high. When the GATE input goes 
high, the count will start from the initial count. Thus, the GATE input can be used to 
synchronize the counter. 

When this mode is set, the output will remain high until after the count register is 
loaded. The output then can also synchronized by software. 


MODE 3: Square Wave Rate Generator 





Similar to MODE 2 except that the output will remain high until one half the | 

count has been completed (for even numbers) and go low for the other half of the | 
count. 
This is accomplished by decrementing the counter by two on the falling edge of each 
clock pulse. When the counter reaches terminal count, the state of the output is 
changed and the counter is reloaded with the full count and the whole process is 
repeated. 

If the count is odd and the output is high, the first clock pulse (after the count is 
loaded) decrements the count by 1. Subsequent clock pulses decrement the clock by 2. 





After timeout, the output goes low and the full count is reloaded. The first clock pulse 
(following the reload) decrements the counter by 3. Subsequent clock pulses 
decrement the count by 2 until timeout. Then the whole process is repeated. In this 
way, if the count is odd, the output will be high for (N+1)/2 counts and low for (N-1)/2 
counts. 





MODE 4: Software Triggered Strobe 


After the mode is set, the output will be high. When the count is loaded, -.the 
counter will begin counting. On terminal count, the output will go low for one input 
clock period, then will go high again. 

If the count register is reloaded between output pulses, counting will continue from 
the new value. The count will be inhibited while the GATE input is low. Reloading 
the counter register will restart counting beginning with the new number. 


MODE 5: Hardware Triggered Strobe 


The counter will start counting after the rising edge of the trigger input and will go 
low for one clock period when the terminal count is reached. The counter is 
retriggerable. The output will not go low until the full count after the rising edge of 
any trigger. | 
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Table 6.2 Gate Pin Operations 


| 0 | Disables Disablescounting | Po nate [Enablecounting si 
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MODEOQ : Interrupt on Terminal Count 
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MODE1: Programmable One-Shot 
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MODE3 : Square Wave Generator 
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MODE4 : Software-Triggered Strobe 
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Figure 6.1 TMP82C53 Timing Diagrams 
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7. PROGRAMMING THE TMP82C53 


All of the MODEs for each counter are programmed by the systems software by 


simple I/O operations. 


TMP82C53 


Each counter of the TMP82C53 is individually programmed by writing a control word 
into the Control Word Register. (CS=0, Ag=A;,=1, WR=0) 











SelectCountero [0 [0 
selectcountert | 0 | 1 


elet counter? [1 [0 
egal Ett 


' 
! 
I 
I 
| 
I 
i 
1 
1 
! 
| 
! 
t 
! 
! 
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only 
Read/Load most significant byte 


only 


Read/Load least significant byte 


first then most significant byte 





D7 Dé D5 Da D3 D> D4 Do 


iO 4 Binary Counter (16-bits) 
BCD Counter (4 Decades) 
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Note. SC:Select Counter, RL: Read/Load, M: Mode, BCD: Binary Coded Decimal. 


| | The programmer must write out to the TMP82C53 a Mode Control Word and the 
! programmed number of count register bytes (1 or 2) prior to actually using the selected 


counter. 


The actual order of the programming is quite flexible. Writing out of the Mode 


Control Word can be in any sequence of counter selection. 


The loading of the Count Register with actual count value, however, must be done in 
exactly the sequence programmed in the Mode Control Word (RLO, RL1). 
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8. 


Counter Loading 


The count register is not loaded until the count value is written (one or two bytes, 
depending on the mode selected by the RL bits), followed by a rising edge and a falling 
edge of the clock. 

The count register must be loaded with the number of bytes programmed in the Mode 
Control Word. The one or two bytes to be loaded in the count register do not have to 
follow the associated Mode Control Word. They can be programmed at any time 
following the Mode Control Word loading as long as the correct number of bytes is loaded 
in order. 

All counters are down counters. Loading all zeros will result in the maximum count 
(216 for Binary or 10* for BCD). In MODE 0 and MODE 4, the new count will not restart 
until the load has been completed. 


Read Operations 


The TMP82C58 contains the circuit that will allow the programmer to easily read the 
contents of any of the three counters without distrubing the actual count in progress. 
There are two methods that the programmer can use to read the value of the counters. 
The first method involves the use of simple I/O read operations. By controlling the Ao, 
A 1 inputs to the TMP82C53, the programmer can select the counter to be read. The only 
requirement with this method is that in order to assure a stable count reading the actual 
this method is that in order to assure a stable count reading the actual operation of the 
selected counter must be inhibited either by controlling the GATE input or by external 
logic that inhibits the clock input. 

The contents of the counter selected must be read in the sequence programmed in the 
Mode Control Word (RLO, RL1). When RLO, RL1 is 11. First I/O Read contains the least 
significant byte (LSB), second I/O Read contains the most significant byte (MSB), and 
the two bytes must be read before any loading WR command can be sent to the same 
counter. 

The second method allows the programmer to read the contents of any counter 
without effecting or distrubing the count operation. When the programmer wishes to 
read the contents of a selected counter "On-the-fly", a special code should be written to 
the Mode register so that the counter holds an accurate, stable count value. The 
programmer then issues a normal read command to the selected counter. The contents 
of the latched register must be read in the sequence programmed in the Mode Control 
Word (RLO, RL1). This commands has no effect on the counters mode. 
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10. Program Example 


Set up sequence 
for counter #0 


READ the contents 
of counter #0 


RELOAD to 
counter #0 


OUT 
MVI 


A, 00110000B 
CWAD 

A, 53H 

CNTO 

A, 82H 

CNTO 


A, QO00OXXXXB 
CWAD 
CNTO 
L, A 
CNTO 
H, A 
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.. #0, LSB-MSB, MODE 0, Binary 

.. The address of Control Word Register 
.. LSB for counter #0 

... The address of counter #0 

... MSB for counter #0 

.. The address of counter #0 


... Latching count 
.. Read LSB of counter #0 


.. Read MSB of counter #0 


.. Load LSB for counter #0 


.. Load MSB for counter #0 
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11. ELECTRIC CHARACTERISTICS 
11.1. ABSOLUTE MAXIMUM RATINGS 


260 







Soldering Temperature (Sodlering Time 10 sec) p60 
Storage Temperature | —65to +150 
Operating Temperature —-40 to +85 
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11.2 DC CHARACTERISTICS 
Ta= —40°C to +85°C, Vcc =5V + 10%, Vss(GND) = OV 


V 
V 


fun Input High Voltage 


IL 

1H 

OL Output Low Voltage lOL=2.2mA 
HL 









TEST CONDITION MIN. TYP. | MAX. | UNIT 






| 
jn) 
nN 


< 


2.4 


Rho 
NI 


lo< 
i : 
as) 


VOH1 Output High Voltage IOH = —-400pA 


VOH2 Output High Voltage — |IOH = - 100pA 


Mie Inupt Leak Current OVS VINS Vcc 
LOFL Output Leak Current 0.45VS VOUTS Vcc 


so 
>| > 























os I+ | I+ Ojte 
Wi — — BS On 
Q;o Wl MAO 

Ger 


CLK = 5MHz 

ICC1 Operating Supply Current VIH =Vcc-0.2V m 
VIL =0.2V 
CLK = DC 

ICc2 | Stand-by Supply Current VIH = Vcc -0.2V 0 pA 
VIL=0:2V 
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11.3 AC CHARACTERISTICS 
Ta= —40°C TO + 85°C, Vcc =5V + 10%, Vss(GND) = OV 


SYMBOL PARAMETER TEST CONDITION UNIT 
Valid Data (RD) CL = 150pF 














oO 
nn 
>) 
n 


= 
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UO 
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=) 
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Address Hold Time (WR) 


Data Set-up time (WR) fees ee 100 


=) 
n 


> 
Wn 


> 
Ww 


Pat [etKtowPusewats (| 


=) 
nn 


> 
ny 


5 





> =) 
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> 


200 


=) 
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Note: AC timings measurements are referencedto VIL=0.45V, VIH=2.4V, 
VOL=0.8V, VOH=2.2V. 


11.4 INPUT CAPACITANCE 
Ta = 25°C, Vcc = Vss (GND) = OV 


Input Capacitance 
Unmeasured pins, 
Ci/O Input/Output Capacitance OV 
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12. TIMING DIAGRAM 


Ao, As, GS tS 
tAR it tRA 
RD ‘ I, 
te UDF 
Do~D7 ~---------- SD ED hectectentctetertntes 
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Figure 12.1 Read Timing 
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Figure 12.2 Write Timing 





tPWH tPWL tcLkK 


aaa 
CLK 
tes tGH 
top 
OUTPUT ie 


Figure 12.3. Clock & Gate Timing 
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13. EXTERNAL DIMENSION VIEW. 
13.1 24 Pin PLASTIC DIP 
DIP24-P-600 


Unit: mm 


O- 15° 





14.0+0.2 





N 
ro) 


+03 





2.03TYP 4+0. 0.5+0.1 


| 

0.51MINI3.5+ 
. 4.5 
3.54+0.3 


2.54 


270289 


Note: Lead pitch is 2.54mm and tolerance is +0.25mm against theoretical center of each lead that 
is obtained on the basis of No.1 and No.24 leads. 
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PROGRAMMABLE INTERVAL TIMER 


TM P82C54P-2 / TMP82C54M-2 


_ The TMP82C54P-2 TMP82C54M-2 (hereafter called the TMP82C54) is a low power, 
CMOS general-purpose programmable timer/counter. 
The TMP82C54 consists of 3 independent 16-bit counters to implement high-speed 
counting. It contributes to a greatly enhanced system throughput. 


1. FEATURES 
(1) Pin compatible with the TMP82C53P-2 (TMP82C54P-2) 
(2) Three Tae ene 16-bit counters 
(3) Count data read is available. 
(4) Status read is available. 
(5) Six programmable Counter modes 
(6) Binary/decimal count selection 


(7) High-speed operation 
TMP82C54P-2/M-2 - Clock input=10MHz Max. 


(8) Low power dissipation 
In operation 30mA max. 





In stand-by 10pA max. 


(9) Extended operating temperature 
— 40°C to + 85°C 


(10) Power supply voltage 
5V+10% 
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2. PIN CONNECTIONS (TOP VIEW) 


D7 
Dé 
Ds 
D4 
D3 
D2 
D 
Do 
CLKo 


050489 





Figure 2.1 Pin Connections 


3. BLOCK DIAGRAM 


COUNTER #0 


DATA BUS ~<— GATE 


BUFFER 
OUTo 
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Figure 3.1 Block Diagram 
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4. 1/0 SIGNAL DESCRIPTION 
e CS (Chip Select input) 


A low this input enables the TMP82C54. Unless CS is in the enabled state, the 
read/write operation is ignored. The CS input does not affect the actual counter 





operation. 
e Ao, Ay (Address inputs) 


These inputs are used to select one of the 3 internal counters or the control word 
register. 


e WR (Write input) 


The low active write strobe signal for the TMP82C54 used, to set the mode or 
load data into the counters. 





e => RD (Read input) 


The low active read strobe signal for the TMP82C54 used, to read the value of 
the internal counter. 


° Do — D7 (Data bus I/O) 


The 8-bit bidirectional 3-state data bus pins connected to the microcomputer 
data bus. 


e CLK g~g (Clock input) 





The clock input pin for the counter. The counter starts decrementing at the 
falling edge of this signal. 





e GATE g~3 (Gate input) 


The gate input pin for the counter. The function depends on the mode stored in 
the control word register. 


e OUT 9p~3 (Out output) 


The output pin form the counter. One of 6 different waveforms selected by the 
mode stored in the control word register is output. 
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5.2 


3.3 


9.4 


OPERATIONAL DESCRIPTION 
DATA BUS BUFFER 


This is the bidirectional 3-state 8-bit data buffer to interface with the microcomputer 
system data bus. The transfer of the control word for mode set, data write to the counter, 
and data read from the counter are all performed through this buffer. 


READ/WRITE LOGIC 


This circuit receives the control signals (RD, WR) form the system bus to generate the 
control signals for the entire TMP82C54 system operations. 

The chip select input (CS) enables/desables these control signals. When the CS is in 
the disabled state, the control signal states do not affect the internal operations. 


CONTROL WORD REGISTER 


The control word register is selected when Ag=1 and A; =1. | 

The information from the data bus buffer is stored in this register to select the 
counter operation mode, binary or decimal counting, and control the specification of the 
counter loading method. The control word can be read by using the read-back command. 


COUNTERS #0-#2 


These counters perform exactly the same operation independently. 

The following description is made referring to only one counter for convenience. 
Figure 5.1 shows the block diagram ofthe counter. | 

The counter is the 16-bit presettable synchronous down-counter. 

The status register, consisting of 8 bits, holds the current states of the control word 
register, output pin, and the null count flag information. (See “Read-back Command.”) 

The count latch, consisting of two 8 bits, normally follows the current value of the 
down-counter (non latch state). When the TMP82C54 receives an proper count latch 
command, the count latch holds the value of the down-counter at this time. When the 
latched data is read by the MPU, the latch is cleared and put in the non latch state 
again. After the count latch command, count value to be read is not the current value of 
the down-counter but the value of the count latch. 

The count register consists of two 8 bits. When the count value is written to the 
counter, at first, the value is loaded into the counter register. Then the count value is 
loaded into the down-counter. Writing the count value to the count register is performed 
in units of 8 bits. 

However, the count value is loaded into the down-counter in units of 16 bits. 

When the counter value is written to the down-counter programmed in the read/load 
1-byte mode, the other byte is automatically cleared to 00H. 
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The control logic is connected to the CLK input, GATE input, and OUT output 
signals. The operations of these signals specified by selecting one of modes 0-5 
programmed in the control word register. 








+ 
CONTROL een 
WORD COUNT REGISTER 
REGISTER oy MSB 
STATUS 
REGISTER 


| 
CONTROL || 
LOGIC Sin J| 
s- COUNT LATCH COUNT LATCH 
MSB 






LSB 


GATEn 








CLKn OUTn 050489 


Figure 5.1 Block Diagram of Internal Counter 
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6. PROGRAMMING 


The OUT output pin state, the counter mode, and the count register values of the 
TMP82C54 are still undefined immediately after the power is turned on. 

This requires to program the counters to be used. However, the counters not to be 
used need not be programmed. 


6.1 MODE SETTING 


The count modes of the TMP82C54 can be set with a simple I/O instruction. Each 
counter of TMP82C54 can be programmed separately by writing the control word to the 
control word register (CS=0, Ajg=1, Ay=1, WR=0). 
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6.1.1 Control Word 






















0 Binary Counter 16 bits 


Select Counter 0 P00, | 
1 BCD Counter (4 Decades) 


Select Counter | 0 | 1 
Select Counter? | 1 | 0 


Counter Latch Command 
READ/LOAD LSB 















Mode 4 
Mode 5 





050489 





Note: 1. Read/Load least significant byte first, then most significant byte 
2. Read/Load is RD/WR 
3. x :Don’tcare 


Figure 6.1 Control Word 


There is no specified order in which the counters are selected for mode setting. Mode 
setting can start from any counter. 


6.2 COUNTER WRITING 


Paying attention to the following two points makes it possible to program the 
TMP82C54 in any sequence. 


(1) Writing of the control word to each counter must be performed before the count value is 





written. 


(2) The count value must be written in the format specified in the control word (bits RWo 
and RW)}). 
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6.3 
(1) 


(3) 


6.4 


PROGRAM SEQUENCE EXAMPLES (IN THE LSB-MSB 2-BYTE MODE) 


Counter 0: Control word (2) Counter 0: Control word 
Counter 0: Lower 8 bits Counter 1: Control word 
Counter 0: Upper 8 bits Counter 2: Control word 
Counter 1: Control word Counter 0: Lower 8 bits 
Counter 1: Lower 8 bits Counter 1: Lower 8 bits 
Counter 1: Upper 8 bits Counter 2: Lower 8 bits 
Counter 2: Control word Counter 0: Upper 8 bits 
Counter 2: Lower 8 bits Counter 1: Upper 8 bits 
Counter 2: Upper 8 bits Counter 2: Upper 8 bits 
Counter 0: Control word (4) Counter 0: Control word 
Counter 1: Control word Counter 0: Lower 8 bits 
Counter 2: Control word Counter 1: Control word 
Counter 0: Lower 8 bits Counter 2: Control word 
Counter 0: Upper 8 bits Counter 1: Lower 8 bits 
Counter 1: Lower 8 bits Counter 0: Upper 8 bits 
Counter 1: Upper 8 bits Counter 1: Upper 8 bits 
Counter 2: Lower 8 bits Counter 2: Lower 8 bits 
Counter 2: Upper 8 bits Counter 2: Upper 8 bits 


COUNTER READING 


The counter value of the TMP82C54 can be read without disturbing the on-going 


count value. The counter value are read in one of the three methods as described below. 


One is simple I/O Read of the counter selected by Ag and Ay. In this method, the 
GATE input must be controlled or the CLK input must be inhibited in order to 
read a stable count value. The procedure specified in the control word must always 
be followed. (That is, only the LSB 1 byte must be RW 1/RW read when only the 
LSB 1 byte is specified; only the MSB 1 byte must be read when only the MSB 1 
byte is selected; and, in the case of the continuous bytes form LSB to MSB, the LSB 
1 byte and MSB 1 byte (a total of 2 bytes) must be read.) 


The on-going, momentary count value is read without stopping the counter 
operation. This can be achieved by specifying the counter latch operation in the 
control word (the counter latch command). 

When reading the value of the specified counter, a stable count value can be 
obtained by specifying the counter latch operation before reading the value of the 
specified counter. In this case, the procedure specified in the control word must be 
followed like the method shown above. 


The count latch is specified be the Read-Back command. 
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6.4.1 Counter Latch Command 


CS=0, Ag=A;=1, WR=0 
D7 D6 Ds Da D3 D2 D; Do 











0 [0 [ielec Counter 
0 [1 setectCounters 
Ti fo select counter? 


Figure 6.2 Counter Latch Command 


x : Don’t Care 050489 


The selected counter holds the value of the down-counter when the counter latch 
command is executed. The count value remains held until the value is read or the 
counter is reprogrammed. 

If the counter latch command is written to the same counter twice, the second one is 
ignored. The value to be read is the counter value counted at the time the first count 
latch command was written. 

When the counter is in the 2-byte mode, the 2 bytes must be read. 

The count value can be written as the following sequence: 


1. Least significant byte: Read 
2. Least significant byte: Write 
3.  Mostsignificantbyte: Read 
4. Mostsignificant byte : Write 


6.4.2 Read-back Command 





The read-back command is used to get the count value, the mode output pin state, and 
the null count flag information. 


cS =0, AO=A1=1, WR=0 
D7 D6 Ds Da D3 D> D1 Do 


1 | 1 Jeounr]srarus| cuts fents |cnto| 0 


[counter taeeh [0 
[ Satusatch [0 


Figure 6.3 Read-Back Command 
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The read-back command can latch multiple counters simultaneously by selecting the 
counter by CNT9-CNTp with the COUNT bit D5=0 (multiple count latch). This will 
provide the same operation on each command as the operation in which a count latch 
command has been merely written to each counter. The count value remains held in the 
count latch until the value is read or the counter is reprogrammed. 

Reading the count value from any counter does not clear the counter latch of the other 
counters. 

When multiple count latch is performed on a counter twice, the second one is ignored. 
The value to be read is the counter value counted at the time the first multiple count 
latch was performed. 


The read-back command can latch the status information by selecting a counter by 
CNT9-CNTp9 with the STATUS bit D4=0. The status information are as follows. 


D7 Dg Ds Da D3 D2 D Do 








Counter mode of each counter 
(Lower 6 bits of Control word register) 


S30. | Count available 
Count non-available 


[30 | OUT terminal is Low 
0 






UT terminal is High 050489 





Figure 6.4 Status Data Format 


Bits D5-Do are the low-order 6 bits of the control word register currently programmed 
in that counter. These bits are held in the status register when the mode is set in the 
control word register and remain unchanged until the control word register is rewritten. 

OUTPUT bit D7 indicates the current OUT output pin state. 

NULL COUNT bit Dg is the flag indicating whether the count value has been loaded 
from the count register into the down-counter. When this flag is “0”, it indicates that the 
count value has been loaded into the down-counter; when it is “1”, it indicates that the 
count value has not been loaded. The following shows the NULL COUNT flag changes. 


1. Write to the control word register NULL COUNT=1 
2. Write acount value to the count register (Note): NULL COUNT=1 
3. Load from the count register into the down-counter: NULL COUNT=0 


Note: When the 2-byte mode is specified by the control word register, the NULL 
COUNT flag goes “1” upon writing the second byte. 
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The status latch is held until the status is read or the counter is reprogrammed. 
When the status latch is specified by the read-back command on a counter twice, the 
second one isignored. The data to be read is the data present at the time the first status 





latch was performed. 

The multiple count latch and status latch by the read-back command can be 
performed simultaneously by setting the COUNT and STATUS bits Ds and Dg to “0”. 
This performs the same operation as the one in which multiple count latch and status 
latch are performed separately. Like the simultaneous latch, each latch in this case is 
held until it is read or the counter is reprogrammed. 

If the multiple latch and status latch are performed on a counter twice, the second 
ones are ignored. The following shows a read-back command programming example. 


Table 6.1 Read-back command programming example 


Counter 2 latch 
non 





Initial State 


Counter 1 
Status Latch 


Counter 2 Count 
& Status Latch 


Counter 0, 2 oe 
Status Latch g 
Counter 0 

Count Latch latch 


Counter 1 Count 
latch latch 
& Status Latch 
latch ignore 
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When both multiple count latch and status latch are performed by the read-back 
command, the status data is read in the first read of the counter regardless of the latch 
execution sequence. The value of the latched count register is read in the reading of the 
next 1 or 2 bytes (depending on the counter mode setting) 
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Table 6.2 Read/Write Add seein 


PETS TWD [ae] tanto 
ror foto [0 | witecoumeo 
Copa fo Po [1 | wie Counter 
roa fo [40] ite Counter 
Copa [e+ 1 Wie Controfword 
rofo [1 [oo | Read countero 
roo fr Po [1 | Read Counter 
Coto [4 ft |e | Read Counter? 
as ee a ee 

Non Operation (3 - State) 

ee a a a 
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7. MODE DESCRIPTION 


The TMP82C54 has the 6 count modes. 
Each count mode has the following characteristics. 


8 When the control word is written, the output is initialized to the state unique to 
each mode. 


e The GATE is sampled at each rising edge of CLK. In modes 0 and 4, the GATE 
operates by level sense; in modes 1 and 5, it operates by rising-edge sense; and in 
modes 2 and 38, it operates by level sense and rising-edge sense respectively. 


@ The down-counter performs count loading and decrement at the falling edge of 


CLK. 
e The maximum counter value is 0. (2/° in binary, 10* in decimal) 
e The counter keeps decrementing until 0 (terminal count) is reached. 
e In modes 0,1, 4, and 5, count continues even if the count value reaches 0. In modes 


2 and 8, the initial value is reloaded upon reaching the terminal count for repeated 
counting. 


Terminology 


Clock pulse : From the rising edge to falling edge of CLK input. 

Trigger : The rising edge of the GATE input. 

Countloading : Loading of count value from the count register into the down- 
counter. 

Mode setting : Writing of the control word. 

Terminal count : Reaching ofthe down-counter to 0. 


The following sample waveform of each mode shows the binary count and read/write 
LSB programming case. The numbers indicate down-counter values. 
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7.1. MODEO: INTERRUPT ON TERMINAL COUNT 


The output is initialized to the low level after setting the mode. The output remains 
low after count loading. When the GATE input is high, the down-counter starts 
counting. 

When the terminal count has been reached, the output goes high, which is held until 
anew count value is written or another mode is set. 

The GATE input only controls the down-counter operation: it does not affect the output 
state. 

The count value is loaded to the counter by the clock pulse following the writing of the 
count value to the count register. 

The down-counter continues counting after the terminal count has been reached. 

Rewriting to the count register during counting will cause the following actions. 


1. When the first byte is written, the current count is suspended. The output is set to 
the low level. 

2. When the second byte is written, count starts with the next clock pulse upon which 
the now counting starts. 


CW = 10H_LSB =04H 





OUT 


| x | x |x | x ~|0004]0003|0002| 0001 |0000| FFFF| FFFE| 


CW=10H LSB=03H _ 









GATE \ / | 


| x | x | x | x |0003]0002|/0002|0002|0001|0000| FFFF| 


CW =10H_ LSB =03H LSB =02H 


OUT 


| x | x bi See Mise /0003]0002]0001]0002/ 0001/0000] FFFF| ie 


Figure 7.1 ModeO 
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7.2 MODE 1: PROGRAMMABLE ONE-SHOT 





The output is initialized to the high level after setting this mode and is reset to the 
low level by the clock pulse following the trigger. Then, the output goes high after the 
terminal count has been reached. The counter performs the following operations with 
the trigger: 


1. Loading 
2. Setting the output to the low level (reset) 
3. Start counting 


The one-shot pulse of GATE can be retriggered. Therefore, the output remians low 
until complete counting is made after triggering. | 

When a new count value is written while the output is low, the width of the one-shot 
pulse already output is not affected upon the next trigger. 


CW= 12H USB =03H 





OUR sc Nee Nee 


| x | x | x | x | x |0003]0002|0001]0000| FFFF/0003]0002| 


CW = 7128 TSB =034 





eee 


| x | x | x | x | x ]0003|0002|0001}0003|0002|0001|0000| 


CW =12H_ LSB =02H LSB = 04H 





OU Cee 


|} x | x | x | x | |0002|0001|0000| FFFF| FFFE]0004|0003| 050489 


Figure 7.2 Modet 





MIPU85-107 


TOSHIBA TMP82C54 


7.3. MODE 2: RATE GENERATOR 


Division-by-N counter is performed. 

The output is initialized to the high level after setting this mode, and goes low for 1 
clock pulse when the counter has reached 1. Then, the output goes high again and the 
initial count is loaded for infinite counting. 

When the GATE=1, counting is enabled. When the GATE=0, counting is disabled 
and the output is set to the high level. By the trigger, the initial value is loaded into the 
counter at the next clock pulse, starting new counting. Thus, the gate input can be used 
for counter synchronization. When mode 2 is set, the output goes high, which is held 
until count loading is performed, so that synchronization can be provided by software as 
well. 

Rewriting to the count register being counted does not affect the current cycle. A new 
cycle starts after the end of the current cycle. 

The minimum count of this mode is 2. 


CW = 14H _ LSB =03H 


| x | x | x | x |0003}0002|0001]0003]0002|0001|0003| 


CW =14H LSB =03H_ 


oe oe ae Oe a a ae ee 
GATE \ | 
OM eee 


| x | x | x | x |0003}0002|0002|0003|0002|0001| 0003} 


CW =14H LSB =04H LSB =05H 


Oro) ey 


| x | x | x | x {0004/0003|0002|0001]0005| 0004] 0003} 050489 


Figure 7.3 Mode2 
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7.4 MODE 3: SQUARE WAVE RATE GENERATOR 


The output is initialized to the high level after setting this mode. The half of the 
count setting value (even number) becomes high and the other half becomes low. The 
rest is the same as mode 2. 

When the GATE=1, counting is enabled. When the GATE=0, counting is disabled 
and the output is set to the high level. 

When the count setting value is an even number, counting is performed by 
decrementing the counter by 2 at the falling edge of the clock input. 

When the terminal count has been reached, the output is inverted, the count setting 
value is reloaded into the counter, the counter is decremented by 2, this process is 
repeated. 

If the count value is an odd number and its output is high, the value which is the 
setting value - 1 is loaded into the down-counter, which is decremented by 2. The output 
goes low at the clock pulse following the terminal count and the setting value - 1 is 
loaded into the down-counter again. Then, the count has been reached, this process is 
repeated. 

Thus, when the count value is odd, the output is high for (N+1)/2 and low for (N— 
1)/2. 

The minimum count of this mode is 2. 


CW = 160H_LSB =04H 





| x | x | x | x |0004]0002|0004|0002|0004|0002|0004|0002|0004| 0002| 


CW=16H LSB=05H 


| x | x | x | x |0004/0002]0000]0004| 0002|0004|0002|0000|0004| 0002| 


CW=16H LSB=04H 


GATE \ | 


OUT 7777 
| x | x | x | x |0004]0002]0004|0002|0002|0002|0004|0002|0004|0002| —osoass 


Figure 7.4 Mode 3 
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7.5 MODE 4: SOFTWARE-TRIGGERED STROBE 


The output goes high after setting this mode. When the count value is loaded into the 
down counter and the GATE input is high, the down-counter starts counting. 

When the terminal count has been reached, the output goes low for 1 clock pulse. 

When GATE=0, counting is disabled. When GATE=1, counting is enabled. The 
GATE input dose not affect the output. 

When the count value is written to the count register after setting the mode, count 
loading is performed with the next clock pulse. 

When a new count value is written during counting, loading is performed with the 
following clock pulse and the counting continues with the new count value. 

In the 2-byte mode, the following actions take place. 


1. Writing of the first byte does not affect the counting. 
2. With the clock pulse following the writing of the second byte, count loading starts. 


CW = 18H_LSB =03H 


ae a: 


OUT 


| x | x | x | x [0003]0002|0001]0000] FFFF | FFFE|FFFD| 


CW = 18H_ LSB =03H 
WR 


ef ef Ey ee Ne Ne 
GATE ee re es 
oe ai: a Dali 


Eure ae. |0003]0003|0003|0002|0001 |0000| FFFF | 


CW=18H LSB =03H LSB =02H 


| x | x | x | x |0003]0002]0001|0002|0001| 0000) FFFF | 050489 


Figure 7.5 Mode4 
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7.6 MODE5: HARDWARE-TRIGGERED STROBE 


The output is initialized to the high level after setting this mode. The counter starts 
counting after the GATE input is triggered. When the terminal count has been reached, 
the output goes low for 1 clock pulse. 

Count loading starts with the clock pulse following the trigger after the mode is set 
and the count value is written. 

The counter can be re-triggered. 

The output remains high until a complete count is mode after triggering any GATE 
input. 

If a new count value is written to the count register during counting, the current 
counting continues. If a trigger is encountered, the new count value is loaded with the 
following clock pulse and counting starts with the new count value. 


CW = 1AH_LSB = 03H 





Ogee 0 0C—ti“=i‘“‘™S™SCé 


} x | x | x | x | x |0003]0002|0001|0000| FFFF|0003| 


CW = 1AH_LSB =03H 





Woe t~<C—«S*t*tst~Cs«ti‘“‘S™SOS™*~*~*CN 


| x | x | x | x | x | x |0003]0002/0003|0002|0001|0000| FFFF| 


CW = 1AH_LSB =03H LSB = 05H 





OU nese 2060°0CC™C~C<~“‘<i‘“‘S™SC“CéCU CC 


| x | x | x | x | x [0003}0002]0001|0000| FFFF| FFFE|0005|0004| osoass_ 


Figure 7.6 Mode5 
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Status 
Modes 


Table 7.1 Gate Input Operations 








Low or Going Low 


Disables counting 


(1) Disables counting 
2 (2) Sets output 
immediately High 





(1) Initiates counting 
(2) Resets output after next 
clock 














Initiates counting Enable counting 








(1) Disables counting 
(2) Sets output 
immediately High 


Disables counting ae Enable counting 


050489 










Initiates counting Enable counting 





Table 7.2 Minimum and Maximum Count Values 


Min count Max count 





1 
1 
2 
1 
1 


a ae a 
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8. ELECTRIC CHARACTERISTICS 
8.1 MAXIMUM RATINGS 


[Po [Power Dispation 
rsa [soterrempersure | ——*d?Cmeotiow | 
Te [storage Temperature —[—SSSd aes | 
Fone [operating Temperaure [| -a0=eas_ |e 
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8.2 DC CHARACTERISTICS (TA = — 40 to + 85°C, VCC = 5V + 10%, VSS (GND) = 


SYMBOL ITEM TEST CONDITION nics UNIT 





CLK = 10MHz 
Vin =Vec-0.2V 
VipeO2Vv 


CLK =DC 
Viee=e Vece=0:2V 
Vice 0.2V 


Operating Supply 
Current 


Stand-by Supply 
Current 





050489 


MPU85-113 


TOSHIBA 


8.3. AC CHARACTERISTICS (TA= - 40 to + 85°C, VCC = 5V + 10%, VSS(GND) = OV) 


8.3.1 Read/Write 


SYMBOL 


Address Set-up Time (RD) 


CS Set-up Time (RD) 
Address Hold Time (RD) 
RD Pulse Width 

Valid Data (RD) 

Valid Data (Add ress) 
Data Floating (RD) 
Address Set-up Time (WR) 
CS Set-up Time (WR) 
Address Hold Time (WR) 
WR Pulse Width | 
Data Set-up Time (WR) 
Data Hold Time (WR) 


| Recovery Time 
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8.3.2 Clock/Gate 


Pex _[ewcrreros SSS two oe | 

Cw [eikrighrusewian oP 
Pen [ekiewriiewen 
[ie [etseting 
Tp feikrantine ——SSCSCSCS~sdC 
Pow [eatewidtnvigh———SSSS~dC 
Px _[eatewamiow ————SSSS~dC 
Tes [earesetuptine Ga) 
Pic [saTevolatineccug) ———SSSS~idt 
Poo [ovrputdelyriomcue——SSS*idtCT* 0 
Pioog _[Ouputdeayromeate —————SSS—S*dC om | 
Pine [count loading etaptine(@i) «Ya | — | 
Pine |WRsetuprime (caro, _——SS~—Si 
ie [teense T= Pa a 
Pies [etesetur tine countiawty SS | 
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Fle 
nn 


8.4 INPUT CAPACITY (TA = 25°C, VCC = VSS (GND) = OV) 


Cin fnput InputCapacitance fc= 1MHz Unmeasured 


Inut/Output Capacitance pins, OV 


Fe CED EE EET PS 
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8.5 ACTEST INPUT WAVEFORM 


2.4 





0.45 050489 


Figure 8.1 AC test input waveform 
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9. TIMING DIAGRAM 


tod 


D7~Do -~--——--—-7--—--- eee ee ee | VALID <<< — = ae 


Figure 9.1 Read Operation 


LD 


<—_ — taw —__—— —>'! twa |< 
pe bic aa 
orb (_[ molt 


tpw —--~ twp —> 





WR 
tww oii<- 050489 
Figure 9.2 Write Operation 
MODE COUNT* LATCH COMMAND 
WR 
tpwH tPWL 
CLK | [ | \ 
trol |e tes | ae 
GATE | twa I / \ 
<— tGw —> 
| . tGH <= top 
ouT | — 
| topG * LAST BYTE WRITE 
<————_—_—— two 050489 


Figure 9.3 Clock and Gate Operations 
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, 
10. EXTERNAL DIMENSIONS | 
i 
10.1 24 PIN DIP EXTERNAL DIMENSIONS | 
DIP24-P-600 
Unit: mm 
24 13 fi 
i 
st 
1 12 
| 32.0:+°0:2 | 





203TYP 4+t0. 0.5+0.1 


270289 
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10.2 24 PIN SOP EXTERNAL DIMENSION 
SOP24-P-450B 


Unit: mm 
16.0+0.2 








(450mi |) 


ae) 
i) 
+1 
ise) 
ion) 
_— 
_— 





270289 


Note : Package Width and Length do not include Mold Protrusions. 
Allowable Mold Protrusion is 0.15mm. 
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PROGRAMMABLE INTERVAL TIMER 


TMP8253P-5 


1. GENERAL DESCRIPTION 


The TMP8253P-5 (hereinafter referred to as TMP8253) is a programmable 
counter/timer chip designed for use as the TLCS-85A microcomputer peripheral. It is 
organized as 3 independent 16 bit counters, each operates with a count rate of up to 
2.6MHz. All modes of operation are software programmable. 


2. FEATURES 


e Count Binary or BCD 





@ 3 Independent 16 Bit Counters 

e Single +5V Supply 

e Count rate DC to 2.6MHz 

e 6 programmable Counter Modes 

e Compatible with Intel’s 8253-5 
3. PIN CONNECTIONS 





Table 3.1. Pin Names 


RB | Read Counter 
Vcc 
GND 

















vee 
[eno _| Ground @V) 
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4. BLOCK DIAGRAM 


DATA COUN- l<—— CLKO 
BUS <a TER |< GATEO 
BUFFER #0 OUTO 


COUN- |j~—— CLK1 


—) TER |< GATE1 


#1 OUT1 


COUN- |~——— CLK2 
TER) = |~«———- GATE2 
#2 OUT2 


U 
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5. PIN NAMES AND PIN DESCRIPTION 


GND (Power Supply) 
Ground. | 
Voc (Power Supply) 
+5V during operation. 
CS (Input) 


A low level input on this pin enables RD and WR communicaiton between the 
MPU and the TMP8253. The CS input has no effect upon the actual operation of 
the counters. 


AO, Al (Input) 


These inputs acts in conjunction with the CS, WR, and RD pins. This pin is used 
to select one of the three counters to be operated on and to address the control word 
register for mode selection. 


WR (Input) 


A low level input on this pin when CS is low enables the TMP8253 to accept 
mode information or loading counters from the MPU. 


RD (Input) 


A low level input on this pin when CS is low enables the TMP8253 to output a 
counter value onto the data bus for the MPU. 


DO~D7 (Input/Output) 


Bidirectional Data Bus. Mode information, the information loading counter or 
the count values are transfered via this data bus. 


CLKO~CLK2 (Input) 


Clock inputs to counters. Falling edge on this pin enables the counter to 
countdown. 


GATE0O~GATE2 (Input) 


Gate inputs to counters. The function of this pin differs by the mode selection of 
counter operation. 


OUT0~OUT2 (Output) 


Outputs from the counters. The output signal from this pin differs by the mode 
seleciton of counter operation. 
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6. FUNCTIONAL DESCRIPTION 


[Block Description] 
Data Bus Buffer 


This is 3-state, bidirectional, 8 bit buffer used for interfacing the TMP82538 to 
the system data bus. The Data Bus Buffer has three functions as follows. 
Programming the Modes of the TMP8253, Loading the count registers, and 
Reading the count values. 


Read/Write Logic 
The Read/Write logic accepts inputs from the system bus and in turn generates 
control signals for overall device operation. 


Table 6. 1 Addressing 


Load Counter #0 
Load Counter # 1 
Load Counter #2 


Write Mode Word 


Read counter #0 
nee ae #2 


Data Bus is in High-impedance state 


050489 





Control Word Register 


The Control Word Reginter is selected when AO, Al are 11. It then accepts 
information from the data bus buffer and stores it in a register. The information 
stored in this register controls the operational Mode of each counter, selection of 
binary or BCD counting and the loading of each count register. No reading of the 
contents of the Control Word Register is available. 


Counter #0, Counter #1, Counter #2 


These three blocks are identical so only a single counter will be described. Each 
counter consists of a single, 16 bit, presettable, down counter. The counter can 
operate in either binary or BCD and its input, GATE and output are configured by 
the selection of Modes (Six MODES : MODE 0 to MODE 5) stored in the Control 
Word Register. Also the control word handles the loading of the count value so 
that software overhead can be minimized for these functions. 

The reading of the contents of each counter is available to the programmer with 
simple read operations for event counting applications. Special commands and 
logic are included in the TMP8253 so that the contens of each count value can be 
read “on-the-fly” without having to inhibit the clock input. 
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[MODE Definition] 


MODEO: 


MODE 1 : 


MODE 2 : 


MODE 3 : 


Interrupt on Terminal Count 


The output will be initially low after the mode set operation. After the 
count is loaded into the selected count register, the output will remain low 
and the counter will count. When terminal count is reached the output will 
go high and remain high until the selected count register is reloaded with the 
mode or a new count is loaded. The counter continues to decrement after 
terminal count had been reached. 

Rewriting a counter register during counting results in the following : 

(1) Write Ist byte stops the current counting. 
(2) Write 2nd byte starts the new count. 


Programmable One Shot 


The output will go low on the count following the rising edge of the GATE 
input. 

The output will go high on the terminal count. If a new count value is 
loaded while the output is low it will not affect the duration of the one-shot 
pulse until the succeeding trigger. The current count can be read at any time 
without affecting the one-shot pulse. 

The one-shot is retriggerable, hence the output will remain low for the full 
count after any rising edge of the GATE input. 


Rate Generater 


Divide by N counter. The output will be low for one period of the input 
clock. The period from one output pulse to the next equals the number of 
input counts in the count register. If the count register is reloaded between 
output pulses the present period will not be affected, but the subsequent 
period will reflect the new value. 

The GATE input, when low, will force the output high. When the GATE 
input goes high, the counter will start form the initial count. Thus, the 
GATE input can be used to synchronize the counter. 

When this mode is set, the output will remain high until after the count 
register is loaded. The output then can also be synchronized by software. 


Square Wave Rate Generator 


Similar to MODE 2 except that the output will remain high until one half 
the count has been completed (for even numbers) and go low for the other half 
of the count. 
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MODE 4 : 


MODE5 : 





Status 


Disables counting | = | nalescounting = Enablescounting 


(1) Disables counting 


(2) Sets output Initiates counting Enables counting 


(1) Disables counting 
(2) Sets output 


| 4 [Disables counting Enables [Enablescounting 


TMP8253 


This is accomplished by decrementing the counter by two on the falling 
edge of each clock pulse. When the counter reaches terminal count, the state 
of the output is changed and the counter is reloaded with the full count and 
the whole process is repeated. 

If the count is odd and the output is high, the first clock pulse (after the 
count is loaded) decrements the count by 1. Subsequent clock pulses 
decrement the clock by 2. After timeout, the output goes low and the full 
count is reloaded. The first clock pulse (following the reload) decriments the 
counter by 8. Subsequent clock pulses decrement the count by 2 until 
timeout. Then the whole process is repeated. In this way, if the count is odd, 
the output will be high for (N + 1)/2 counts and low for (N — 1)/2 counts. 


Software Triggered Strobe 


After the mode is set, the output will be high. When the count is loaded, 
the counter will begin counting. On terminal count, the output will go low for 
one input clock period, then will go high again. 

If the count register is reloaded between output pulses, counting will 
continue from the new value, The count will be inhibited while the GATE 
input is low, Reloading the counter register will restart counting beginning 
with the new number. 


Hardware Triggered Strobe 


The counter will start counting after the rising edge of the trigger input 
and will go low for one clock period when the terminal count is reached. The 
counter is retriggerable. The output will not go low until the full count after 
the rising edge of any trigger. 


Table 6.2 Gate Pin Operaions 





(1) Initiates counting 
(2) Resets output after 
next clock 






immediately High 


Initiates counting Enables counting 
immediately High 
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MODE 0: Interrupt on Terminal Count 


CLOCK SLL LLL LL LLL. 
WRnp n= 4 
4 3 2 1 0 
OUTPUT 
(INTERRUPT) 
GATE 
5 4 2. eh oO 
OUTPUT 
(INTERRUPT) 
B 
A+B=m 


MODE 1: Programmable One-Short 





CLOCK J ULL LLY LY LS LY Lr Lr Lr 
WR, er, 
GATE | _* 
(TRIGGER) 
A. 3-2: <0 

OUTPUT aaa EAS rarer 
(TRIGGER) 

“3-2: 4 3S 2H 
OUTPUT 
(n = 4) ae 

MODE 2: Rate Generator 

clock JOLT LPL LLL LILY Lr LP Ly Lr Ly Ly. 
WR, ea oe 
OUTPUT aanneseeiamnn Hl ianmenan Wl uaa Ul 
OUTPUT 0 (3) 3: 2. ONG), 2 a Oxy a4 
(n= 3) 
(RESET) 


TMP8253 


MODE 3 : Square Wave Generator 


CLOCK 

4242 42 4 2 4 2 4 2 4 
OUTPUT | | | | | | 
(n= 4) 

5 42 5 2 5 4 2 5 2 5 4 2 
OUTPUT 
(n= 5) 

2 

OUTPUT 42 42 4 2 4 
(n= 4) 
GATE 
(RESET) | 


MODE 4: Software-Triggered Strobe 


CLOCK 
WRp 
OUTPUT 


LOAD, 


GATE 


OUTPUT 





MODE 5: Hardware-Triggered Strobe 


CLOCK SLFLILY LY LPL LPL LS LY LYS LL. 
WR, — 
GATE 
(TRIGGER) ———__—-! 

43210 
QUIT eee ee 
GATE -LJ 
(TRIGGER) Al So Be SB -> 4..28 
OS, 
(n= 4) 
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Figure 6.1 TMP8253 Timing Diagrams 
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7. PROGRAMMING THE TMP8253 


All of the Modes for each counter are programmed by the systems software by simple 
I/O operations. 

Each counter of the TMP8258 is individually programmed by writing a control word 
into the Control Word Register. (CS=0, AO=A1=1, WR=0). 


Dg D2 Dj 


D7 Ds Da D3 Do 
a 


Select Counter 0 aos ke Oe 0 Binary Counter (16-bits) 
Select Counter 1 Laas BCD Counter (4 Decodes) 
Select Counter 2 fot ae a 


Counter Latching Operation Ph 4 Oe 

Read/Load least significant on 1 MODE 3 
eyteenly 1 [0 | MODE 4 
Read/Load most significant 

byte only 

Read/Load least significant 1 1 

byte first then most significant 

byte 050489 


Note SC: Select Counter, RL: Read/Load, M: Mode, BCD: Binary Coded Decimal. 


The programmer must write out to the TMP8253 a Mode Control Word and the 
programmed number of count register bytes (1 or 2) prior to actually using the selected 
counter. 

The acctual order of the programming is quite flixible. Writing out ot the Mode 
Control Word can be in any sequence of counter selection. 

The loading of the Count Register with actual count value, however, must be done in 
exactly the sequence programmed in the Mode Control Word (RLO, RL1). 
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8. 


COUNTER LOADING 


The count register is not loaded until the count value is written (one or two bytes, 
depending on the mode selected by the RL bits), followed by a rising edge and a falling 
edge of the clock. 

The count register must be loaded with the number of bytes programmed in the Mode 
Control Word. The one or two bytes to be loaded in the count register do not have to 
follow the associated Mode Control Word. They can be programmed at any time 
following the Mode Control Word loading as long as correct number of bytes is loaded in 
order. 

All counters are down counters. Loading all zeros will result in the maximum count 
(216 for Binary or 104 forBCD). In MODE 0 and MODE 4, the new count will not restart 
until the load has been completed. 


READ OPERATIONS 


The TMP8258 contains logic that will allow the programmer to easily read the 
contents of any of the three counters without disturbing the actual count in progress. 

There are two methods that the programmer can use to read the value of the counters. 
The first method involves the use of simple I/O read operations. By controlling the AO, 
Al inputs to the TMP8258, the programmer can select the counter to be read. The only 
requirement with this method is that in order to assure a stable count reading the actual 
operation of the selected counter must be inhibited either by controlling the GATE input 
or by external logic that inhibits the clock input. 

The contents of the counter selected must be read in the sequence programmed in the 
Mode Control Word (RLO, RL1). When RLO, RL1is 11. First I/O read contains the least 
significant byte (LSB), second I/O read contains the most significant byte (MSB), and the 
two bytes must be read before any loading WR command can be sent to the same 
counter. 

The second method allows the programmer to read the contents of any counter 
without affecting or disturbing the counting operation. When the programmer wishes to 
read the contents of a selected counter “On-the-fly”, he loads the MODE register with a 
special code which latches the present count value into a storage register so that its 
contents contain an accurate, stable quantity. The programmer then issues a normal 
read command to the selected counter. The contents of the latched register must be read 
in the sequence programmed in the Mode Control Word (RLO, RL1). This commands has 
no effect on the counters mode. 
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10. PROGRAM EXAMPLE 


MVI 
OUT 


Set up sequence MVI 


for counter #0 


READ the contents 
of counter #0 IN 


RELOAD to 
counter #0 


A, 00110000B 
CWAD 

A, 53H 

CNTO 

A, 82H 

CNTO 


eer vee 
aoe cee 
oor cee 
vee eee 


one ces 


A, 0000XXXXB 
CWAD 

CNTO 

L,A 

CNTO 

H, A 


ewe rne 


one eee 


A, 82H 
CNTO 
A, 53H 
CNTO 


eon vee 
woo oon 
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#0, LSB ~ MSB, MODE 0, Binary 

The address of Control Word Register 
LSB for counter #0 

The address of counter #0 

MSB for counter #0 

The address of counter #0 


Latching count 
Read LSB of counter #0 


Read MSB of counter #0 


Load LSB for counter #0 


Load MSB for counter #0 
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11. ELECTRIC CHARACTERISTICS 
11.1 ABSOLUTE MAXIMUM RATINGS 


SYMBOL ITEM RATING 
Vcc Suply Voltage (with respect to GND (Vs=s)) -0.5Vto +7.0V 













a 
vn [input tighvokeoe | «dt 2? | ives |v 
vor | ovrpurtowvorase [ioizzama [|_| oss |v 

HL 






Foutputhighvorage [ious -a00n [aa | | |v 
ie J nwutteakcurent | ov=vnevec |_| | #0 | pa 
ion | ovtmutteakcunent | aasveVoursvec] | | #0 | va 
Tice [suppveurent | Ss] dT 0 mn 


050489 





11.3 INPUT CAPACITANCE (Ta = 25°C, Vcc = GND = OV) 


C Input Capacitance 
put Capac Petr 





Cio Inputy/Output Unmeasured pins, 0V 
Capacitance 
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11.4 AC CHARACTERISTICS 
(Ta =0°C to 70°C, Vcc = 5.0V +5%, GND =0V) 


an adereesetuprine RB) 
Pion [Ade laine TY 
Pom forewe 
Cer [oma Fsting OTT 
Pay [recovering 
— 
a 
Faw wR 
oe 
oe 





TEST CONDITIONS | MIN. | TYP. MAX. | UNIT 





W 
© 





3 
wn 


> 


i") Vn Nn "N "a) 172) —n MN "n 7a) nn rn wn nN n 


0 


Nn 


NO 
© 
© 


100 ns 


WwW 
© 


Ww 
© 


Data Hold Time (WR ay 

Clock Period 
Pen [eare wing 

Prec [oarewietiow 
Ps __[GATESetup Tine CURT) 
ptcn | 
too 


W 
(en) 


NO 
= | Oo ou 


Lee) 
© 
© 







No 
Ol 
© 


RO | W 
Ww | © 
oO |] © 


150 
150 
100 
100 


> 
7) 


U1 
i) 
> 
va) 


tT eld LT | fe 
2) 


GATE Hold Time (CLK ?) 
Output Delay From (CLK | ) C. = 150pF 
Output Delay From (GATE | ) CL = 150pF 


Note: AC timings measured at Voy =2.2V, VoL =0.8V 


400 


> 





W 
Oo 
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12. TIMING DIAGRAM 





Ao, Ai, CS Be ee eee ee es 
taR tRR TRA 
tRD tpF 
Do~Oy == === == (yr - ------- 
| 050489 
Figure 12.1 Read Timing 
Ao, Ai, CS. 
Do~D7 
WR 
050489 
Figure 12.2 Write Timing 
tpWH tPWL tcLk 


aes 
CLK 

tes tGH 

ees ae aon 

GATE N I, ‘ 

top 
OUTPUT ce eae | 
050489 


Figure 12.3 Clock & Gate Timing 
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13. EXTERNAL DIMENSION VIEW 
13.1 24PIN DIP 
DIP24-P-600 


Unit: mm 


O- 15° 


24 13 


14.0+0.2 





2.031 YP 





2.54 


270289 


Note: Lead pitch is 2.54mm and tolerance is +0.25mm against theoretical center of each lead that 
is obtained on the basis of No. 1 and No. 24 leads. 
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CMOS PROGRAMMABLE PERIPHERAL INTERFACE 





TMP82C55AP-2/TMP82C55AM-2 
TMP82C55AP-10/TMP82C55AM-10 


1. GENERAL DESCRIPTION AND FEATURES 


The TMP82C55A (hereinafter referred to as PPI) is a CMOS high Speed 
programmable input/output interface with three 8-bit I/O ports. 24 I/O Ports are divided 





into two groups (Port A and Port B) which are programmable independently by control 
words provided by MPU. The PPI has three operation modes (Mode 0, 1 and 2) and is 
copable of versatile interface between MPU and peripheral devices. 

The TMP82C55<A is fabricated using Toshiba’s CMOS Silicon Gate Technology. 


(1) High Speed Version (TRD=100ns MAX: TMP82C55AP-10/AM-10) 


(2) Low power consumption 
2mA Type. 
10pA Max. (@5V, Stand-by) 


(3) 5V.£10% Single power supply 

(4) 24 programmable I/O ports 

(5) Three operation modes (Mode 0, Mode 1, Mode 2) 
(6) Bit set/reset capability 





(7) Upto 8 output ports of port B and C are capable of driving a darlington transistor 
(Min.—1.0mA @VOH=1.5V) 


(8) Extended operating temperature: —40 °C to +85 °C 
(9) Available 40pin Standard DIP and SOP 
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2. PIN CONNECTIONS (TOP VIEW) 





TMP82C55AP-2/AP-10 
TMP82C55AM-2/AM-10 


3. BLOCK DIAGRAM 


D7~Do 
BIDIRECTIONAL DATA 


READ WRITE CONTROL LOGIC 


DATA BUS BUFFER 





GROUPA GROUPB 
CONTROL CONTROL 
INTERNAL 8-BIT BUS 


ie oe 


1/O 1/O [/O | 
PA7~PAg PC7~PC4 PC3~PCo. PB7~PBo 
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4. PIN NAMES AND PIN FUNCTIONS 
Pin Name Number Pye ODReUE Function 
of Pin 3-state 
3-state bidirectional 8-bit data bus. Used for data transfer with 
Do~D7 \/O 3-state |MPU. Also, used for transfer of control words to PPI and status 
information from PPI. 


3-state 8-bit I/O PortA. 
Operation mode and input/output configuration are defined by 
software. Port A contains the output latch buffer and input latch. 


3-state 8-bit I/O Port B. 
Operation mode and input/output configuration are defined by 
software. Port B contains the output latch buffer and input latch. 



























PAg~PA? I/O 3-state 


PBo~PB7 


PCOS PC? 











I/O 3-state 






3-state 8-bit I/O Port C. 
Operation mode and input/output configuration are defined by 
software. Port C can be divided into two 4-bit ports by the mode 
control and also, used as the control signal for Port A and Port B. In 
this case, 3 bits of PCg to PC2 are used for Port B and 5 bits of PC3 to 
PC7 for Port A. 















Chip select input. 
When this terminal is at “L" level, data transfer PPl and MPU 
becomes possible. At “H” level, the data bus is placed in the high 
impedance state and control from the processor is ignored. 


Input 













Read signal. 
When this terminal is at “L” level, data that is input into the port is 
transferred to MPU. 










Write signal. 
When this terminal is at “L” level, data or contro! word is written 
into PPI from MPU. 


Input Used for selecting Port A, B, C and the control registers. Normally, 
this terminal is connected to low order 2 bits of the address bus. 


When this terminals is at “H” level, all internal registers including 
the control register are cleared. In addition, all ports (Port A, B, C) 
are placed in the input mode (high impedance) of mode 0. 
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5.1 


FUNCTIONAL DESCRIPTION 


The PPI is a programmable peripheral interface device with three 8-bit ports (Port A, 
B and C) and two control registers. 24 I/O ports are divided into 12-bit group A and 
group B. Group A consists of Port A and high order 4 bits of Port C, while Group B 
consists of Port B and low order 4 bits of Port C. Each group is independently 
programmable by control words provided from MPU. There are three operation modes 
available for the PPI. In mode 0, two 8-bit I/O ports and two 4-bit I/O ports can be 
programmed as input or output ports, respectively. In mode 1, 24 I/O ports are divided 
into Group A and Group B. 8 bits of each group are used as input or output port and of 
the remaining 4 bits, 3 bits are used as handshaking and interrupt control signal. Mode 
2 is applicable only to group A and the ports are used as a bidirectional 8-bit data bus 
and 5-bit control signal. In case of Port C being used as the output, any bits of Port C can 
be set/reset. 

There are two control registers; one is used for mode setting and the other for bit 
set/reset control. The control registers can only be written into. Further, when the reset 
input (RESET) becomes “1”, the control registers are reset and all I/O ports are placed in 
input mode (high impedance status). 


Table 5.1 Basic Operation of TMP82C55A 


a Tae Tes To [we functon 

















Data bus < PortA 
1 0 1 Data bus < PortB 
1 0 0 0 1 Data bus <— PortC 
0 0 0 1 0 PortA < Data bus 
QO 1 0 1 0 Port B < Data bus 
1 0 0 1 0 Port C < Data bus 
1 1 0 1 0 Control register <— Data bus 
x x bea x x Data bus =  3-state 
x x 0 1 1 Data bus = 3-state 
1 1 | 0 0 1 inhibition of combination 
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MODE SELECTION 


There are three basic modes of operation that can be selected by control words. 


Mode 0-Basic I/O (Group A, Group B) 
Mode 1-Strobe input/Strobe output (Group A, Group B) 
Mode 2-Two-way bus (Port A only) 


Operation modes for Group A and Group B can be independently defined by the 
control word form the MPU. If D7 is set to “1” in writing a control word into the PPI, 
operation mode is selected, while of D7=“0”, the set/reset function for Port C is selected. 
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5.1.1 Control word to define operation mode 


Figure 5.1 shows the control words to define operation mode of the TMP82C55A. 


Contro! word 


1 | sroupa Contra | Group contrat 
Dor [es [os lo lo) [| 1 | 


Input/output selection of low 
order 4 bits of Port C 

‘0’ = Output 

‘1’ = Input 


Input/output selection of Port B 
‘0 = = Output 
‘7’ = Input 


Mode selection of Group B 
‘0'=Mode 0 
‘1'=Mode 1 


Input/output selection of high 
order 4 bits of Port C 

‘0’ = Output 

‘1’ = Input 


Input/output selection of PortA 
‘0’ = Output 
‘1’ =Input 


Mode Selection Group A 


‘0’ = Mode 0 
D6 D5 
0 0 =Mode0 
1 = Designation of mode set flag o. 3, eile 


1 x =Mode2 


x: Don't care 
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Figure 5.1 Control Word for Mode Selection 
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5.1.2 Port C bit set/reset control word 


Any bit of 8 bits of Port C can be set/reset by Port C bit set/reset control word. Fig. 5.2 
shows the Port C bit set/reset control word. 


Control Word 








Bit set/reset selection 
“QO" = Reset 
1" =Set 


Bit set/reset flag 
“0” = Active 


Bit selection 


050489 
Figure 5.2 Control Word for Bit Set/Reset 

5.2 OPERATION MODES 

5.2.1 Mode 0 (Basic I/O) 


This functional configuration is used for simple input or output operations. No 
‘handshaking’ is required and data is simply written to or read from a specified part. 
Output data to the ports from MPU are latched out but input data from the ports are not 
latched. 
~ In Mode 0, 24 I/O terminals are divided into four groups of Port A (8 bits), Port B (8 
bits), high order 4 bits of Port C and low order 4 bits of Port C. Each port can be 
programmed to be input or output. The configuration of each port are determined 
according to the contents of Bit 4 (D4), 3 (Dg), 1 (D1) and 0 (Do) of the control word for 
mode selection. 

The I/O configuration of each port in Mode 0 are shown in Table 5.2. 
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Mode Setting Control Word Port C a: Port C 
or 
To. [> | | Pr~PCa PsP) 
Out 


In 
Out 
In 
Out 
In 
Out 
In 
Out 
In 
Out 
In 
Out 
In 
Out 
In 


-—- Se | so rm om mr mr OCD OCodcaoao0odo 


0 
0 
0) 
0 
1 
1 
1 
1 
0 
Q 
0 
0 
1 
1 
1 
1 


SO SO Os 2 SS SS OO 
-—- O-p- Oo OoOo-r O-pAr OA O35 O- Oo 
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Figure 5.3 Port Definition in Mode 0 
5.2.2 Mode 1 (Strobe I/O) 


In Mode 1, input/output of port data is performed in conjunction with the strobe 
signals or ‘handshaking’ signals. Port C is used to control Port A or Port B. 
The basic operatings in Mode 1 are as follows: 


@ Mode 1 can be set for two groups of Group A and Group B. 
e Each group consist of 8-bit data port and 4-bit control/data port. 





e The 8-bit data port can be set as input or output port. 

@ The control/data port is used as control or status of the 8-bit data port. 
(1) When used as the input port in Mode 1: 

e STB (Strobe Input) 


At “0”, input data is loaded in the internal input latch in the port. 

In this case, a control signal from MPU is not concerned and data is input from 
the port any time. This data is not read out on the data bus unless MPU executes 
an input instruction. 


e IBF (Input Buffer Full F/F Output) 


When data is loaded in the internal input latch from the port, this output is set 
to “1”. IBF is set (“1”) by STB input being reset and is reset (“0”) by the rising edge 
of RD input. 
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e INTR (Interrupt Request Output) 


Used for the interrupt process of data loaded in the internal input latch. When 
STB input is at “0” if INTE (INTE flag) in the PPI is in the enabled state (“1”) , IBF 
is set to “1”. INTR is set to “1” immediately after the rising edge of this STB input 
and reset to “0” by the falling edge of RD input. 

The INTE flag of Group A and Group B are controlled as follows: 


INTEA-Control by bit set/reset of PC4 
INTEB-Control by bit set/reset of PCo 


(2) When used as the output port in Mode 1: 
e OBF (Output Buffer Full F/F Output) 


This is a flag which shows that MPU has written data into a specified port. OBF 
is set to becomes “0” at the rising edge of WR signal and is set to “1” at the falling 
edge of ACK (Acknowledge input) signal. 


e ACK (Acknowledge Input) 


ACK signal is sent to the PPI as a response from a peripheral device taht 
received data from the port. 


e INTR (Interrupt Request Output) 


When a peripheral device received data from MPU, INTR is set to “1” and the 
interrupt is requested to MPU. If ACK signal is received when INTE flag is in the 
enable state, OBF is set to “1” and INTR signal becomes “1” immediately after the 
rising edge of ACK signal. Further, INTR is reset at the falling edge of WR signal 
when data is written into the PPI by MPU. 

The INTE flags of Group A and Group B are controlled as follows: 


INTEA-Control by bit set/reset of PCg 
INTEB-Control by bit set/reset of PCo 
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MODE 1 (PORT A) 


CONTROL WORD 
Dy: De De Dy D3. Di Dag 





PCg, PC; 
0 = OUTPUT 


1 = INPUT 


CONTROL WORD 
Dy Dg Ds Da D3 Da Dy Dg 


r my —— ee 
B i 
LPC, | 
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Figure 5.4 Example of Strobe Input in Mode 1 


MODE 1 (PORT A) 






CONTROL WORD 
D7 Dg Ds Da D3 Dz D; Do 









" | 
OBE | 
ACK | 
CONTROL WORD INTR 
D7 Dg Ds Dag D3 D2 Dy Do 
le a? aes 
OUTPUT 
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Figuire 5.5 Example of Strobe Output in Mode 1 
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PA7~ PAg |<‘ 







CONTROL WORD CONTROL WORD IBFA 
D7 Dg Ds D4 D3 Dz Dy Do D7 Dg Ds Dg D3 Dz Dy Do INTRA 
fi fof1 fo fvols [1 [x | fi fofs]t {vols fof x] 
1/0 
PCy, PCs PC5, PC7 
0 = OUTPUT 0 = OUTPUT __ ste 
1= INPUT RDS 1= INPUT WR-»q OBFB 
~«— ACKB 
INTRB 


PORT A (STROBE OUTPUT) PORT A (STROBE INPUT) 
PORT B (STROBE INPUT) PORT B (STROBE OUTPUT) 
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Figure 5.6 Example of Port A Output, Figure 5.7 Example of Port A Input, 
Port B Input in Mode 1 Port B Output in Mode 1 


5.2.3 Mode 2 (Strobed Bidirectional Bus |/O) 


In this mode, Port A is used as 8 bits bidirectional bus for data transfer with a 
peripheral device. This mode is applicable only to Group A, which consists of an 8-bit 
bidirectional bus (Port A 8-bit) and 5-bit control signals (high order 5 bits of Port C). The 
bidirectional bus (Port A) has both the internal input and output registers. When group 
A is set in Mode 2, Group B can be set independently. There are 5 control signals as 
follows when Group A is used in Mode 2. 


e OBF (Output buffer Full F/F Output) 


When MPU writes data into of Port A, OBF is set to “0” to inform a peripheral 
device that the PPI is ready to output data. However, Port A is kept in the floating 
(high impedance) state until ACK input signal is received. 


e ACK (Acknowledge Input) 


When ACK signal is set to “0”, the data of the 3-state output buffer of Port A is 
send out. If ACK signal is at “1”, Port A is in the high impedance state. 


e STB (Strobe Input) 


When STB input is set to “0”, the data from peripheral devices are held in the 
input latch. When the active RD signal is input into the PPI, the latched input 
data are output on the system data bus (D7-Do). 
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e IBF (Input Buffer Full F/F Output) 
When data from peripheral devices are held in the input latch, IBF is set to “1”. 


e INTR (interrupt Request Output) 


INTR is the output to request the interrupt to MPU and its function is the same 
as that in Mode 1. There are two interrupt enable flip-flop (INTE), INTE1 
corresponds to INTEA in Mode 1 output and INTE2 to INTEA in Mode 1 input. 


INTE 1-Used to generate INTR signal in conjunction with OBF and ACK 
signals, and is controlled by PCg bit set/reset. 


INTE 2-Used to generate INTR signal in conjunction with IBF and STB signals, 
and is controlled by PC, bit set/reset. 


Fig. 5.8 shows the operating example and the timing diagram in Mode 2. 


INTRA 
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Figure 5.8 Operating Example in Mode 2 
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Control. Word in Mode 2 
D7 Dé Ds D4 D3 D2 Dj Do 











PC2~PCo 0 = Output 
x =Don’t care 1=Input 
Port B 0 = Output 
1=Input 
Group B Mode 0 = Mode 0 
1 =Mode 1 
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Figure 5.9 Control Word and Configuration in Mode 2 


Control Words 


De Ds Dag D3 ~~ Dy 








PC2~PCo » 
O = Output 
1 = Input 


IBFA 


PortA- Mode2  1{/O 
PortB- ModeQ Input 


Control Words 
D7 D4 D 


De Ds Da D3 D2 | 0 a 
BRS ES CASTER ES sa 
PCs |\<——— ACKA 


IBFA 
RD OBFB 
WR PC2 |~—— ACKB 

INTRB 





PortA- Mode2 _ I/O 
PortB- ModeQ Input 
050489 


Figure 5.10 Examples in Combination with Mode 2 and Other Mode 
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5.2.4 Precautions for use in mode 1 and 2 


SF: 


When used in Mode 1 and 2, bits which are not used as control or status in Port C can 
be used as follow. 

If programmed as the input, they are accessed by normal Port C read. 

If programmed as the output, high order bits of Port C (PC7-PC,4) are accessed using 
the bit set/reset function. As to low order bits of Port C (PC3-PCg), in additions to access 
by the bit set/reset function, only 3 bits can be accessed by normal writing. 


READING PORT C STATUS 


When Port C is used as the control port, that is, when Port C is used in Mode 1 or 
Mode 2, the status information of the control word can be read out by a normal read 
operation of Port C. 


Table 5.2 Status Word Format of Port C 


te Potato toto t ete 
M ode 
a 
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ELECTRICAL CHARACTERISTICS 


6.1 ABSOLUTE MAXIMUM RATINGS 














VIN input Voltage -0. 5 to Veco +0.5 
Pp 









Power Dissipation 


TSOLDER Soldering Temperature (10 sec) 


Storage Temperature -65to +150 
Tope Operating Temperature -40to +85 — 


TOPR 
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6.2 DCELECTRICAL CHARACTERISTICS 


TA=-40C to +85C, Vec= SV t 10%, Vss = OV 


ee 
Cane oa 
cae VV i ee ce 
Cea Ce a 
ou fovea feyesno [ees [=f 
7 


Output Leak Current e 

V =V A 
(Note) Darlington Drive vane = 1. 5V 10 ‘ie 

IDAR Current Rext = 1. 1kQ 
a Operating Supply |/ Ocycle Time vk 

Current Tysec 
cs 2 Vice: -0.2V 

pA 


Vin = Vcec-0.2V 
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Stand-by Supply 
Current 











Note: Applied for optional 8 I/O terminals in Port B and Port C. 
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6.3 ACELECTRICAL CHARACTREISTICS 
TA= -40C to +85C, Veco =5V+t10%, Ves =0V 
SYMBOL PARAMETER UNIT 
cc 
in [nisreneipinetorRmn ———S—~d=C| - | of - fw 
Pena [adareshorttinetorRrse ———S~S«d?C | of Sm 


ia [RBpuewaty eo] oe 
trp Delay from RD fall to decided data output | — | wo] - | 100] ns | 










| 

UO 
xe} 
c 
a 
fay) 
eS 
ctf 
3 











+ 
oO 
= 


ct 
2) 
< 





taw 


Address set-up time for WR fall he 04 


Address holding time for WR rise 


twa 


tww WR pulse width 120 


=< 
© 
© 


tow Bus data set-up time for WR rise 100 

Bus data holding time for WR rise 

Delay from WR rise to decided data output 

Port data set-up time for RD fall i 
9 


Port data holding time for RD rise 


two 
twB 


R 





THR 

tak CK pulse width 300 300 
tst STB pulse width 350 350 
tps Port data set-up time for STB rise 0 

tey Port data holding time for STB rise 


Delay from ACK fall to decided data output = 









TAD ns 
Time from ACK rise up to port (Port A in Mode 2) 350 250 oe 
floating 


trit Delay from RD fall to INTR fall 


tsIt Delay from ACK rise to INTR rise 
tait Delay from ACK rise to INTR rise 


twit 





ct 
A 
1w) 
S 
m 
< 
— 
ad 
2) 
3 
oI 
O 
bh 
= 
+ 
Oo 
=e 
vn 
5 
wm 
@O 
Bi w 
Oo}; © 
oO} oO 


Delay from WR rise to INTR 


050489 
Note: 1. When the power supply is turned ON, reset pulse duration must be active for at least 500 
ns or more. 
2. AC Measuring Point Input Voltage Vyy=2.4V, Vi_i=0.45V 
Output Voltage Voy =2.2V, VoL=0.8V 
CL=150pF. 
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6.4 CAPACITANCE 
TA=25C, Vcc =Vss5 = OV 


SYMBOL ITEM TEST CONDITION Ck ote UNIT 


Output Capacitance (*) 


(*): All terminals except that to be measured should be earthed. 
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7. TIMING DIAGRAM 
MODE 0 
INPUT OPERATION as | 
. " 
INPUT | | 
GS, At, Ac ans Tana SRS OaT ) 
Dy~Dp $2 === == > -- 
trp <———-——-— TOF 
VMIODE 0 
OUTPUT OPERATION 
—— tww 1 
WR 
Dy~Do De | 
tAW tWA | 
CS, Ai, Ao ‘pee aa ae eee 
OUTPUT ee 
«<—_—§ {twp 
MODE 1 
INPUT 
OPEARATION 
t ~< {PH 
INPUT BOR ae 
DATA : es: 
tsT 
eee ee 
STB 
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Figure 7.1 Timing Diagram 
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MODE 1 
OUTPUT OPERATION 
<— tww 
{cr 
WR 
twit twos tar 
INTR 
UT , to 
PORT DATA Are 
pene | tAOB 
OBF 
ACK 








trip 


trR 
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Figure 7.2 Timing Diagram 
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8. PACKAGE DIMENSION 
8.1 PLASTIC PACKGE 
DIP40-P-600 


40 21 


13°42.0.2 





| B07 0.2 | 


4.54+0.3 


3.54+0.3 





L220P 


| 3.0. 20.2 


270289 





Note: Each lead pitch is 2.54mm, and all the leads are located witchin +0.25mm from their 
theoretical positions with respect to No.1 and No.4 leads. 
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8.2 40PIN SMALL OUTLINE PACKAGE 


SSOP40-P-450 


Unit: mm 


€E°O+E6 LL 


| 70+8°8 


(Peo 8 6 


17.5 + 0.2 





1 


0 


270289 
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PROGRAMMABLE PERIPHERAL INTERFACE 


TMP8255AP-5 


1. GENERAL DESCRIPTION AND FEATURES 


The TMP8255A (hereinafter referred to as PPI) is a high Speed programmable 
input/output interface with three 8-bit I/O ports. 24 I/O ports are divided into two 
groups (Port A and Port B) which are programmable independently by control words 
provided by MPU. The PPI has three operation modes (Mode 0, 1 and 2) and is capable of 
versatile interface between MPU and peripheral devices. 


(1) 5V+5% Single power supply 

(2) 24 programmable I/O ports 

(3) Three operation modes (Mode 0, Mode 1, Mode 2) 
(4) Bit set/reset capability 


2. PIN CONNECTIONS (TOP VIEW) 





TMP8255AP-5 050489 
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3. BLOCK DIAGRAM 


D7~Do 
BIDIRECTIONAL DATA 


READ WRITE CONTROL LOGIC 


DATA BUS BUFFER 


GROUPA GROUP B 
CONTROL CONTROL 
INTERNAL 8-BIT BUS 


if 


oars: 


I/O 1/0 I/O 1/0 
PA7~PAy PC7~PCq  PC3~PCo PB7~PBo 050489 
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oer eee smserrererrnn erent ire 


4. PIN NAMES AND PIN FUNCTIONS 


Input/Output runcian 
uncti 
3-state 


3-state bidirectional 8-bit data bus. 
Used for data transfer with MPU. Also, used for transfer of control 
words to PPI and status information from PPI. 


3-state 8-bit I/O PortA. 
Operation mode and input/output configuration are defined by 
software. Port A contains the output latch buffer and input latch. 


3-state 8-bit I/O Port B. 
Operation mode and input/output configuration are defined by 
software. Port B contains the output latch buffer and input latch. 


3-state 8-bit I/O Port C. 
Operation mode and input/output configuration are defined by 
/O software. Port C can be divided into two 4-bit ports by the mode 
3-STATE control and also, used as the control signal for Port A and Port B. In 
this case, 3 bits of PCg to PC2 are used for Port B and 5 bits of PC3 to 
PC7 for PortA. 






Number 


Pindame Name of Pin 


Ea 
PA7~PAg 
PB7~PBo 


PC7~PCo 
Ao, A 


RESET 




















Chip select input. 

When this terminal is at "L" level, data transfer PP] and MPU 
becomes possible. At "H” level, the data bus is placed in the high 
impedance state and control from the processor is ignored. 


Read signal. 
Input When this terminal is at “L” level, data that is input into the port is 
transferred to MPU. 


Input 











Write signal. 
When this terminal is at "L" level, data or control word is written 
into PPI from MPU. 


pee Used for selecting Port A, B, C and the control registers. Nurmally, 
this terminal is connected to low order 2 bits of the address bus. 


When this terminal is at "H" level, all internal registers including the 
control register are cleared. In addition, all ports (Port A, B, C) are 
placed in the input mode (high impedance) of mode 0. 












=i 
x?) 

cc 

ct 
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5. FUNCTIONAL DESCRIPTION 


The PPI is a programmable peripheral interface with three 8-bit ports (Port A, B and 
C) and two control registers. 24 I/O ports are divided into 12-bit group A and group B. 
Group A consists of Port A and high order 4 bits of Port C, while Group B consists of Port 
B and low order 4 bits of Port C. Each group is independently programmable by control 
words provided from MPU. There are three operation modes available for the PPI. In 
mode 0, two 8-bit I/O ports and two 4-bit I/O ports can be programmed as input or output 
ports, respectively. In mode 1, 24 I/O ports are divided into Group A and Group B. 8 bits 
of each group are used as input or output port and of the remaining 4 bits, 3 bits are used 
as handshaking and interrupt control signal. Mode 2 is applicable only to group A and 
the ports are used as a bidirectional 8-bit data bus and 5-bit control signal. In case of 
Port C being used as the output, any bits of Port C can be set/reset. 

There are two control registers; one is used for mode setting and the other for bit 
set/reset control. The control registers can only be written into. Further, when the reset 
input (RESET) becomes "1", the control registers are reset and all I/O ports are placed in 
input mode (high impedance status) . 


Table 5.1 Basic Operation of TMP8255A 


Taos es ao [wm] faneton 


Data bus <— PortA 
Data bus < PortB 
Data bus <— Portc 
PortA <— Data bus 
Port B <— Data bus 
PortC <— Data bus 
Control register < Data bus. 
Data bus =  3-state 
Data bus = 3-state 
inhibition of combination 
















— Xx KX - = Oo = & 
—- X XxX -or-F OC = 
lIDo-~cn0cn0C CO 
eo See iy woes ee eS 
eae ee ee eee 
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5.1 MODE SELECTION 


There are three basic modes of operation that can be selected by control words. 


Mode 0-Basic I/O (Group A, Group B) 
Mode 1-Strobe input/Strobe output (Group A, Group B) 
Mode 2-Two-way bus (Port A only) 


Operation modes for Group A and Group B can be independently defined by the 
control word from the MPU. If D7 is set to "1" in writing a control word into the PPI, on 
operation mode is selected, while of D7="0", the set/reset function for Port C is selected. 
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5.1.1 Control word to define operation mode 


Figure 5.1 shows the control words to define operation mode of the TMP8255A. 


Control Word 


Poy Poe Los to lo | m® | |b 


Input/output selection of low 
order 4 bits of Port C 

‘0' = Output 

‘1’ =Input 


Input/output selection of 


Port B 
'0' = Output 
'1' =Input 


Mode selection of Group B 
'0' = Mode 0 
'1' = Mode 1 


Input/output selection of high 


order 4 bits of Port C 
'0' = Output 
"7' =Input 


Input/output selection of 
PortA 
‘O' = Output 
'1'=Input 


Mode Selection GroupA 
'0' = Mode 0 
D6 D5 


00=Mode0 


1 = Designation of mode set flag ree eae 


x: Don'tcare 
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Figure 5.1 Control Word for Mode Selection 
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5.1.2 Port C bit set/reset control word 


Any bit of 8 bits of Port C can be set/reset by Port C bit set/reset control word. 
Figure 5.2 shows the Port C bit set/reset control word. 


Control |Word 
| 7 | ds | Ds | 


Don't care 










Bit set/reset selection 
“OQ” = Reset 
“; 1 “t — Set 


Bit set/reset flag 
“0” =Active 


Bit selection 


050489 
Figure 5.2 Control Word for Bit Set/Reset 
9.2 OPERATION MODES 
5.2.1 Mode 0 (Basic I/O) 


This functional configuration is used for simple input or output operations. No 
‘handshaking' is required and data is simply written to or read from a specified part. 
Output data to the ports from MPU are latched out but input data from the ports are not 
latched. 

In Mode 0, 24 I/O ports are divided into four groups of Port A (8 BITS), Port B (8 bits), 
high order 4 bits of Port C and low order 4 bits of Port C. Each port can be programmed 
to be input or output. The configuration of each port are determined according to the 
contents of Bit 4 (D4), 3 (D3), 1 (D1) and 0 (Do) of the control word for mode selection. 

The I/O configuration of each port in Mode 0 are shown in Table 5.2. 
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Node Setting Control Word Sattn Port C Port B Port C 
or or 
a cr~Pe es Fa 





= ~~ 8 3 ses own Oodcddndncrcd§n$nro 


0 
0 
0 
0 
1 
1 
1 
1 
0 
0 
0 
0 
1 
1 
1 
1 


—- -O0- -00--00--c00 
=—- O- O- Oo -7- O-- O- Oo - CO -| CO 
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Figure 5.3. Port definition in Mode 0 
5.2.2 Mode 1 (Strobe I/O) 


In Mode 1, input/output of port data is performed in conjunction with the strobe 
signals or 'handshaking' signals. Port C is used to control Port A or Port B. 
The basic operatings in Mode 1 are as follows: 


e Mode 1 can be set for two groups of Group A and Group B. 
e Kach group consist of 8-bit data port and 4-bit control/data port. 





e The 8-bit data port can be set as input or output port. 

® The control/data port is used as control or status of the 8-bit data port. 
(1) When used as the input port in Mode 1: 

e STB (Strobe Input) 


At"0", input data is loaded in the internal input latch in the port. 
In this case, a control signal from MPU is not concerned and data is input from the 
port any time. This data is not read out on the data bus unless MPU executes an 
input instruction. 


e IBF (Input Buffer Full F/F Output) 


When data is loaded in the internal input latch from the port, this output is set 
to"1". IBF is set ("1") by STB input being reset and is reset ("0") by the rising edge 
of RD input. 
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e INTR (Interrupt Request Output) 


Used for the interrupt process of data loaded in the internal input latch. When 
STB input is at "0" if INTE (INTE flag) in the PPI is in the enabled state ("1") , IBF 
is set to"1". INTR is set to "1" immediately after the rising edge of this STB input 
and reset to "0" by the falling edge of RD input. 

The INTE flags of Group A and Group B are controlled as follows: 

INTEA-Control by bit set/reset of PC, 
INTEB-Control by bit set/reset of PCo 


(2) When used as the output port in Mode 1: 
@ OBF (Output Buffer Full F/F Output) 


This is a flag which shows that MPU has written data into a specified port. OBF 
is set to becomes "0" at the rising edge of WR signal and is set to "1" at the falling 
edge of ACK (Acknowledge input) signal. 


@ ACK (Acknowledge Input) 


ACK signal is sent to the PP1 as a response from a peripheral device that 
received data from the port. 


e INTR (Interrupt Request Output) 


When a peripheral device received data from MPU, INTR is set to "1" and the 
interrupt is requested to MPU. If ACK signal is received when INTE flag is in the 
enable state, OBF is set to "1" and INTR signal becomes "1" immediately after the 
rising edge of ACK signal. Further, INTR is reset at the falling edge of WR signal 
when data is written into the PPI by MPU. 

The INTE flags of Group A and Group B are controlled as follows: 

INTEA-Control by bit set/reset of PCg 
INTEB-Control by bit set/reset of PCo 
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MODE 1 (PORT A) 






CONTROL WORD 
Dy ‘De. DeiDy.Ds D5. 'Dy Do CINTE | PC, |<— STBA 


INTRA af 
IBF 







PC¢, PCy 


0 = OUTPUT RD 5 
1 = INPUT PCg~ PCy |\~S1/0 
INTR | 
CONTROL WORD RD Se ee 
be Bede De Dx Dee D (INTE 1 a= STRO 
2G) 5 A 2 TO : ; pPCe PONT 


INTRB 


050489 
Figure 5.4 Example of Strobe Input in Mode 1 
MODE 1 (PORT A) 


CONTROL WORD 
D7 Dg Ds Dg D3 Dz D, Dg 





ToT [0 0px [xP = 
PGae: PGS a OBF 
O= OUTPUT  WR—> | 
1 = INPUT _— 
ACK | 
CONTROL WORD INTR 
D7 Dg Ds Dg D3 Dz D; Do 
eee erin > 
OUTPUT 
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Figure 5.5 Example of Strobe Output in Mode 1 
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WReo— OBFA 
CONTROL WORD ~«—ACKA 
D7 Dg Ds Dag D3 D2 Dy Do INTRA 
ft fof2fo {vols [1] x, 
1/0 
PCa, PCs 
0 = OUTPUT ees 
1 = INPUT RD=—* ~<-— STBB 
IBFB 
INTRB 
PORT A (STROBE OUTPUT) 


PORT B (STROBE INPUT) 


Figure 5.6 Example of Port A output, 
Port B Input in Mode 1 


5.2.3 Mode 2 (Strobed Bidirectional Bus I/O) 


TMP8255A 


CONTROL WORD 






Dy Dg Ds Dg D3 Dz D; Do 


jt fost fio} 1] 0} x | 
I/O 
PCg, PCy 
QO= OUTPUT __ eh faa 
1 = INPUT WN OBFB 
ACKB 
INTRB 


PORT A (STROBE INPUT) 
PORT B (STROBE OUTPUT) 


. 050489 
Figure 5.7 Example of Port A Input, 
Port B Output in Mode 1 


In this mode, Port A is used as 8 bits bidirectional bus for data transfer with a 
peripheral device. This mode is applicable only to Group A, which consists of an 8-bit 
bidirectional bus (Port A 8-bit) and 5-bit control signals (high order 5 bits of Port C). The 
bidirectional bus (Port A) has both the internal input and output registers. When group 
A is set in Mode 2, Group B can be set independently. These are 5 control signals as 


follows when Group A is used in Mode 2. 


e OBF (Output buffer Full F/F Output) 


When MPU writes data into of Port A, OBF is set to "0" to inform a peripheral 
device that the PPI is ready to output data. However, Port A is dept in the floating 
(high impedance) state until ACK input signal is received. 


e ACK (Acknowledge Input) 


When ACK signal is set to "0", the data of the 3-state output buffer of Port A is 
send out. If ACK signalis at"1", Port A isin the high impedance state. 


e STB (Strobe Input) 


When STB input is set to "0", the data from peripheral devices are held in the 
input latch. When the active RD signal is input into the PPI, the latched input 
data are output on the system data bus (D7-Dg). 
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e IBF (Input Buffer Full F/F Output) 
When data from peripheral devices are held in the input latch, IBF is set to "1". 
8 INTR (Interrupt Request Output) 


INTR is the output to request the interrupt to MPU and its function is the same 
as that in Mode 1. There are two interrupt enable flip-flop (INTE), INTE1 
corresponds to INTEA in Mode 1 output and INTE2 to INTEA in Mode 1 input. 





INTE 1-Used to generate INTR signal in conjunction with OBF and ACK 
signals, and is controlled by PC¢ bit set/reset. 


INTE 2-Used to generate INTR signal in conjunction with IBF and STB 
signals, and is controlled by PC, bit set/reset. 


Figure 5.8 shows the operating example and the timing diagram in Mode 2. 





050489 


Figure 5.8 Operating example in Mode 2 
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Control Word in Mode 2 
D7 De Ds Da D3 D2 Dj 


Dx De Le Li [10 





PC2~PCo 0 = Output 
x =Don’t care 1 =Input 
Port B 0 = Output 
1=Input 
Group B mode 0 =Mode 0 
1 =Mode 1 


Figure 5.9 Control Word and Configuration in Mode 2 


Control Words 
D7 Dgé Ds D4 D3 D> D4 Do 







PCg6 |< ACKA 
PC, |<~—— STBA 
IBFA 





PCo~PCo rae [/O 


Port A - Mode 2 1/O 
Port B - Mode 0 Input 


Control Words 


D7 Dé Ds Da D3 D2 Dy 


Port A - Mode 2 1/O 
Port B - Mode 1 Output 


Figure 5.10 Example in Combination with Mode 2 and Other Mode 
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5.2.4 Pecautions for use in Mode 1 and 2 


5.3 


Mode 1 Input eas | BFA | INTEA | INTRA | | INTER Bra | INTRE 


Mode 1 Output INTEA ee INTRA INTEB OBFB INTRB 
OBFA INTE 1 IBFA INTE2 INTRA By Group B Mode 


When used in Mode 1 and 2, bits which are not used as control or status in Port C can 
be used as follows. 

If programmed as the input, they are accessed by normal Port C read. 

If Programmed as the output, high order bits of Port C (PC7-PC4) are accessed using 
the bit set/reset function. As to low order bits of Port C (PC3-PCg), in additions ot access 
by the bit set/reset function, 3 bits only can be accessed by normal writing. 


READING PORT C STATUS 


When Port C is used as the control port, that is, when Port C is used in Mode 1 or 
Mode 2, the status information of the control word can be read out by a normal read 
operation of Port C. 


Table 5.2 Status Word Format of Port C 
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6. ELECTRICAL CHARACTERISTICS 
6.1 ABSOLUTE MAXIMUM RATINGS 


[icc | Svpoyvonage | _-ostoro |v _ 
[vin [mutvonage | ~ostovecs7@ |v _ 
[ro _[PowerDispoion || 
[sOLBER | soierng Temperatures | 00+ 0 
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6.2 DC ELECTRICAL CHARACTERISTICS 
TA =0°C to 70°C, Vec =5V 5%, Vs5 = OV 


SYMBOL ITEM TEST CONDITION UNIT 

Output Low Voltage (DB) lol =2.5mA 0.45 V 

(PER) lol =1.7mA 0.45 V 

Output High Voltage (DB) lon = — 400pA 2.4 V 

(PER) IoH = — 200pA 2.4 V 

Output Leak Current 
| . OSV =V +1 A 
(Note 1) Vext = 1.5V _ n 

Darlington Drive Current Rexr = 7502 1.0 4.0} mA 


050489 
Note: Applied for optional 8 I/O terminals in Port B and Port C. 











MPU85-166 


TOSHIBA TMP8255A 


6.4 ACELECTRICAL CHARACTREISTICS 
TA =0°C to 70°C, VCC =5V £5%, VSS = OV 


SYMBOL PARAMETER UNIT 
[sao 
SS 
Fea [adres old tineorRDse 
Cee [RB pusewats ae 
Ciao [ose ron ROabiodecedaateouput Y= 200 | 
Cay [Tine rom Ror Wrseto nestor Wan P| = 
Paw adtsetsptine Wiel | pe 
Ca [Adres toting tine forsee 
Caw ew 

tow Bus data set-up time for WR rise 100 | = | ons | 

twp Bus data holding time for WR rise ns 
Delay from WR rise to decided data output 
Port data set-up time for RD fall 


tHR Port data holding time for RD rise 


=) 


>) 


=) 


ACK pulse width 
STB pulse width 





> 


> 


Port data set-up time for STB rise 


Port data holding time for STB rise 
Delay from ACK fall to decided data output 


=) 





(oS) 
© 
oO 
a) 


b Ww WwW WwW 
io) 
oO};oO;] oO 
7) vA) Ww n wn n ve) nw 7) “" ” wn 7) n" V) wn 


5 


Wn 





050489 
Note: 1. When the power supply is turned ON, reset pulse duration must be active for at 
least 500 ns or more. 
2. AC Measuring Point Input Voltage Vin =2.0V, Vj, =0.8V 
Output Voltage VoH=2.0V, VoL=0.8V 
CL=150pF. 
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6.4 CAPACITANCE 
TA = 25°C, Vcc =Vs5 = 0V 


SYMBOL ITEM TEST CONDITION i UNIT 


cn | Input Capacitance oe 
V0 Capacitance Ceca eee 
050489 


*: All terminals except that to be measured should be earthed. 
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7. TIMING DIAGRAM 


MODE 0 
INPUT OPERATION 














tRR 
RD 
< tir tHR 
INPUT ee 
taR tRA 
GS, Ai, Ao rn eae heer: 
Dy~Do = 2a aman === >" -- -- 
trpb <———— tor 
MODE 0 
OUTPUT OPERATION eur 
WR 
Pw tt 
D7~Do a aie mae 
taw twa 
CS, At, Ao ra eee eee 
OUTPUT | ti 
<_< twB 
MODE 1 


INPUT OPERATION tp. 
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Figure 7.1 Timing diagram 
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MODE 14 
OUTPUT OPERATION 
<—— tww 
Seen He 
WR 
twit twos AIT 
INTR 
OUTPUT ae 
PORT DAT Y | 
TAOB 
OBF 
ACK 
MODE 2 


BIDIRECTION OPERATION 


tww 


el een aero 





ACK | 
tes 
PERIPHERAL = ——————--—— [ ----£  -------- 
tsT 
eel ee 
STB 
tsiB 
IBF = 


en tRiB 


tRR 
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Figure 7.2 Timing diagram 
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8. PACKAGE DIMENSION 
8.1 PLASTIC PACKGE 
DIP40-P-600 


40 21 


13.440 .2 





a 


4.5+0.3 





0.51MIN|]{3.540.2 
3.5403 


1.22TYP 





270289 





Note: Each lead pitch is 2.54mm, and all the leads are located within +0.25mm from their 
theoretical positions with respect to No.1 and No.40 leads. 
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TOSHIBA MOS TYPE DEGITAL 
INTEGRATED CIRCUIT 
Silicon Monolithic CMOS Silicon Gate 


TMP82C59AP-2/TMP82C59AM-2 


PROGRAMMABLE INTERRUPT CONTROLLER 


1. GENERAL DESCRIPTION 


TMP82C59AP-2/AM-2 (hereinafter referred to as TMP82C59A) is a programmable 


interrupt controller. It handles up to eight vectored priority interrupts for the MPU. It 
is cascadable for up to 64 vectored priority interrupts without additional circuitry. 


FEATURES 

e §=- Hight Level Priority Controller. 

e Expandable to 64 Level. 

e Interrupt Modes, Interrupt Mask, Vectored Address Programmable. 
e Single +5V Power Supply. 

® Supports 8085A, 8086 Microcomputer Interrupt Sequence. 

e TTL Compatible. 


PIN CONNECTIONS (TOP VIEW) 


TMP82C59AP-2/TMP82C5SAM-2 


Vcc 
Ao 
INTA 
IR7 
IRg 
IRs 
IRq 
IR3 
IR2 
IR4 
IRo 
INT 
SP/EN 
CAS? 


cs 
WR 
RD 
D7 
Dé 
Ds 
D4 
D3 
D2 
Dj 
Do 
CASo 


CAS] 


Vss (GND) 050489 
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Input 

















Slave Program / Enable buffer. This is a dual function pin. In the buffered 
mode, it can be used as an output to control buffer transceivers (EN). In the 
non-buffered mode, it is used as an input to designate a master TMP82C59A 
(SP = 1) or aslave one (SP = 0). 











3. PIN NAMES AND DESCRIPTION 
Chip Select Input. A low on this pin enables RD and WR communication 
deed Read Control Input. A low on this pin when CS is low enables the TMP82C59A 
P to output status onto the data bus for the MPU. 
multiple TMP82C59A structure. These pins are outputs for a master 
SP/EN |Input/ Output 


Table 3.1 
a between the MPU and the TMP82C59A. INTA functions are independent of CS. 
Write Control Input. A low on this pin when CS is low enables the TMP82C59A 
WR Input 

to receive command words from MPU. 

Dpto Da. MpuEOutout Bidirectional Data Bus. Command status and interrupt-vector information is 
transferred via this bus. 
Cascade Lines. The CAS lines from a private TMP82C59A bus to control a 

CASo to 

CAS) Input/Output 

TMP82C59A and inputs for a slave TMIP82C59A. 

IRo to IR7 Input 






Interrupt Request Output. This pin goes high whenever a valid interrupt 
request is asserted. It is used to interrupt the MPU. It is connected to MPU's 
interrupt pin. 

















Interrupt Request Inputs. An interrupt request is executed by raising an IR 
input (low to high), and holding it high until it is acknowledged (Edge 
Triggered Mode), or just by a high level on a IR input (Level Triggered Mode. ) 







Interrupt Acknowledge Input. This pin is used to output interrupt-vector data 
onto the data bus by a sequence of interrupt acknowledge pulses issued by the 
MPU. 





INTA Input 










Address Line. This pin acts in conjunction with the CS, WR and RD pins. It is 
used by the TMP82C59A to decipher various command words the MPU writes 
and status the MPU wishes to read. It is typically connected to the MPU Ag 
address line. | 


a 
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4. FUNCTIONAL DESCRIPTION 


BUFFER 


© INTA 
CONTRO 
sur pL eee . 


L LOGIC 


CASCADE IR6 
BUFFER / IR7 
COMPARATOR 


we Vss 
INTERNAL BUS 
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Figure 4.1 BLOCK DIAGRAM 


The TMP82C59A is connected to the system bus as shown in Figure 4.2 and operates 
as an interrupt controller. 


ADDRESS BUS 16 


|! CONTROL BUS 


C) 
CS Ag D7~Do9 RD WR _ INT INTA 
~=<——>iCASo 











CASCADE 
LINE <—>|CAS1 


<—~>|CAS?2 
SP/EN IR7 IRe IRs IRqa IR3  IR2  IRi — IRo 


PEEL TT 


SLAVE PROGRAM / 
ENABLE BUFFER INTERRUPT REQUESTS 050489 


Figure 4.2 Interface to the System Bus 
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4.1. GENERAL DESCRIPTION 


Whenever an interrupt request is received via IRn, the TMP82C59A, judging its 
mask status and priority, set INT high for requesting interrupt to MPU. Then, 
according to response signal (INTA signal) from MPU or the system controller, the 
TMP82C59A outputs CALL op-code and vectored address data on to the data bus. MPU 
starts the interrupt service routine and the TMP82C59A stores which interrupt request 
has been serviced. At the end of the service routine, MPU resets it and informs the 
TMP82C59A of its end. 


Table 4.1 Basic Operation 


Te [of [me [Wel GS] _meaoonmaron 


0 1 IRR, ISR or Interrupt request level — Data bus 
1 1 IMR — Data bus 
Data bus ~ OCW3 


Data bus ~ICW1 
Data bus (D7 to Dg) High impedance 
x x x x x : Data bus (D7 to Dg) High impedance 


0 Data bus ~ OCW2 
: 1 
1 x 
x Data bus — OCW1, ICW2, ICW3 or ICW4 
050489 















4.2 SYSTEM CONFIGURATION 
The TMP82C59A consists of the following components. 
(1) Interrupt Request Register (IRR) and Inservice Register (ISR) 
(2) Priority Resolver 
(3) Interrupt Mask Register (IMR) 
(4) Data Bus Buffer 
(5) Read/Write Logic 
(6) Cascade Buffer/Comparator | 
(7) Interrupt Request Register (IRR) and Inservice Register (ISR) 


Interrupt requests from [Rn inputs are processed by 2 registers, IRR and ISR. IRR 
holds interrupt request from the respective IRn inputs while ISR holds all interrupt 
levels that are being serviced by the MPU. Contents of IRR and ISR can be read out by 
the MPU. 
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(2) 


(3) 


(4) 


(5) 


Priority Resolver 


The priority resolver is the block that decides the interrupt request to be sent to MPU 


by judging priority. If the interrupt mask register (IMR) bit corresponding to IRn input 


is not set to 1, IRR sends the interrupt requests to the priority resolver. 

Normally, when the interrupt request level having the highest priority among these 
interrupt request is higher than the content of ISR, that is, the priority of the interrupt 
request being serviced by the MPU, the TMP82C59A sends INT signal to the MPU. 
When INTA signal is input as a response from the MPU the TMP82C59A sends CALL 
op-code and the vectored address corresponding to an interrupt request of the highest 
priority to MPU, and resetting IRR bit corresponding to this interrupt request sets ISR 
bits. The MPU processes the interrupt service, sends a command to the TMP82C59A to 
accept interrupt requests of lower priority at the end of the interrupt service, and resets 
the corresponding ISR bits. The priority resolver has a register to assign the interrupt 
request input of lowest priority. 


Interrupt Mask Register (IMR) 


The interrupt mask register normaly acts only on IRR, and disables interrupt 
requests from the masked [Rn input. The mask for an interrupt request input does not 
affect its lower priority interrupt requests. In the special mask mode, this register also 
acts on ISR and enables acceptance of lower level interrupt requests than the interrupt 
request being serviced. The content of IMR can be read out. 


Data Bus Buffer 


The data bus buffer consists of 8 bit 3 state bidirectional bus buffer interfacing with 
the system bus. Command words, status information CALL op-code and vectored 
addresses are transfered via this bus buffer. 


Read/Write Logic 


This circuit controls the functions for decoding and accepting command words from 
MPU and for feeding status information to the data bus. 
In addition, this circuit controls operations including ICW (Initialization Command 
Word) register and OCW (Operation Set Command Word) register. 


: Low level input to CS enables RD orWR input operation. 
: When WR =CS=0, a command write to the TMP82C59A is enabled. 


: When RD=CS=0, the contents of ISR, IRR and IMR and interrupt level in the 
poll mode can be read. 


5 3G 
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(6) 


4.3 
(1) 


Ag : Ag is used together with WR and RD signals for command write or status readout. 
It acts as a select signal for the one of command words or status information. It is 
normally connected to the one of address lines. 


Cascade Buffer/Comparator 


When programmed as a slave device, this block stores the identification code as the 
slave and compares this identification code with the data on the 3 bit cascade lines 
(CASo-2). When both agree, the slave interpretes that the slave itselfis selected. In the 
case of the master, an identification signal corresponding to the accepted interrupt 
request inputs of the slave device are output for a period from the first INTA signal to 
the last INTA signal (second or third signal). 


INTERRUPT SEQUENCE 
When the 8085A Is used as the MPU 


(a) When one or more interrupt request become high level, IRR bits corresponding 
to that input are set. 


(b) The TMP82C59A judges the mask status and priority of these interrupt and 
outputs INT signal to MPU as necessary. 


(c) MPU outputs INTA signal in response to INT signal. 


(d) Upon receipt of INTA signal, the TMP82C59A outputs CALL op-code on the 
data bus. 


(e) Since ‘CALL’ is a 3-byte instruction, additional two INTA signals are 
consecutively sent from MPU. 


(f) Upon receipt of these two INTA signals, the TMP82C59A outputs the 
programmed vector address corresponding to the highest priority interrupt 
request. The TMP82C59A outputs the low-order address and then, the high-order 
address. Furthermore, the TMP82C59A sets the ISR bit corresponding to the 
interrupt request and resets IRR bit. 


(g) The above operations complete CALL instruction and MPU executes the 
interrupt service. In AEOI mode, ISR bits are automatically reset immediately 
after the above operations. Otherwise, ISR bits are kept in the set status till EOI 
command is input. 


MPU85-177 





TOSHIBA | TMP82C59A 


(2) 


4.4 
(1) 


(2) 


When the 8086 is used as MPU 
(a) to (c) Same as (a) to (c) for the 8085A. 


(d) Even when INTA signal is received, the TMP82C59A keeps the data bus in high 
impedance state. 


(e) Another INTA signal is sent from MPU. The TMP82C59A outputs 8 bit pointer 
on the data bus, and sets the corresponding ISR bit and resets the IRR bit. 


(f) The above operations complete the interrupt acknowledge cycle. In AEOI mode, 
the ISR bit is automatically reset after the final INTA signal is received. 
Otherwise, ISR bits are kept in the set status till KOI command is input. 

Further, if there is no interrupt request at the time of step (d) of the above 
interrupt sequence, (i.e., the request was too short in duration), the TMP82C59A 
performs the same operations as those when interrupt request are generated at 
IR7, but ISR bits are not set. 


INTERRUPT SEQUENCE OUTPUT 
When the 8085A Is used as the MPU 


CALL op-code is output on the data bus upon receipt of the first INTA signal and the 
low-order vectored address and the high-order vectored address on the data bus upon 
receipt of the second and third INTA signals, respectively. 

The vectored address As to A15 on Table 4.3, 4.4 must be programmed in advance on 
the TMP82C59A. The remaining bits of the vectored addresses are produced by the 
TMP82C59A corresponding to interrupt request. 


When the 8086 is used as the MPU 


When the first INTA signal is received, the data bus is placed in the high impedance 
state. When the second INTA signals is received, 8 bit pointer is output on the data bus. 
The 8 bit pointers T7 to Tg shown in Table 4.5 must be programmed in advance on the 
TMP82C59A. The remaining bits are automatically produced by the TMP82C59A 
corresponding to interrupts. 
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(1) 8085A MODE 


Table 4.2 For First INTA 
D7 Dé Ds Da D3 D2 D4 Do 
Rt ee ae 


Table 4.3 ForSecond INTA 











INTERVAL = 4 


eee ee eee 
|| Or | Pe | Os | Oe | Os | Oz | Ds | Do | 
Pky [Ar [as [as [i [i Tt To To 

Ar [as [As [i [i [oo [oo [0 | 
pits [Ar [as [As [i fo [i [oO [0 | 
[Re [Ar [As [As [i fo fo [oO [oT 
Ps [Ar [as [as [oo [a [i fo To | 
odRG os ASS AS OL eT Oe OO) 
pki [Ar [as [As [oO [oo [i To [0 
Po [ar [as [as [oe fo fe foto | 

















INTERVAL =8 





050489 


Table 4.2 For Third INTA 


D7 D2 
PA es eae ees 


(2) 8086 MODE 


Table 4.5 Second INTA 
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4.5 PROGRAMMING TMP82C59A 

The TMP82C59A accepts the following 2 types of command words. 
(1) Initialization Command Words (ICW) 

Prior to operating the TMP82C59A, it is necessary to program this command. | 
(2) Operation Command Words (OCW) 


This command is for operating the TMP82C59A in various operating modes and is 
programmable anytime during the TMP82C59A is in operation. 


(1) ICW 


There are 4 kinds of commands; ICW1, ICW2, [CW83 and [CW4. 
Each of these command is not programmable independently. The initialization is 
made according to the initialization command sequence shown in Figure 4.3. 
ICW3 is used for cascade connection and ICW4 is for setting optional modes. 


ICW1 Ag =0,D4=1 — 


Icw2 Ap=1 


NO (SNGL = 1) CASCADE 


MODE 


YES (SNGL =0) 
ICw3 Ag=1 


YES (ICq = 1) 


_ ICW4 Ag=1 


READY TO ACCEPT 


INTERRUPT REQUESTS 
050489 


Figure 4.3 Initialization Command Sequence 
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ICW1 


When Ajp=0 and D4=1, the initialization is interpreted as ICW1 and the 
initialization of following 5 items are made independently of content of the 
command: 


The interrupt mask register (IMR) is cleared. 
The interrupt request input IR7 becomes the lowest priority. 


The special mask mode is cleared and IRR is assigned as the register for reading 
status information. 


When [C4 =0, all function bits of ICW4 are set at "0". 
The edge detection circuit of the interrupt request terminal is cleared. 


ICW1 makes the assignment of vector addresses A7 to As, assignment as to 
whether the interrupt request input is to be made in the edge trigger mode or the 
level trigger mode (LTIM), assignment of CALL address intervals when the 8085A 
is used as MPU (refer to Table 4.8) (ADI), assignment as to whether the cascade 
connection to be made (SNGL) and assignment as to whether [CW4 is needed 
(IC4). 


ICW2 


ICW2 assigns high-order vector addresses Ag to Ay5 when the 8085A is used as 
MPU or 8-bit pointers T3 to T7 when the 8086 is used as MPU. TMP82C59A 
interpretes a command written with Ag input made to "H" level after ICW1 
written as ICW2. 
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ICW1 
Ao D7 D6 Ds Da D3 D2 


D Do 
po | Ay | Ac | As | + [itm aor [svat] icq J —__ 
ieee Heese) 


ICWe2 
D7 D6 DS D4 D3 D D1 


AQ 2 DO 


a haa A15-Ag of HIGH-ORDER VECTOR 
ICW3 ADDRESS or T7-T3 VECTOR 


(MASTER DEVICE) 
Ao D7 Dg Ds Da D3 D2 Dy Do 
S0 


pt ts | s6 | ss | se | ss | se | Ss | 50 | 
Se ee) HS SE! eee ee ee 


1=IRINPUT has a SLAVE. 
ICW3 (SLAVE DEVICE) 0 =IR INPUT dose not have a Slave 


Ao D7 D6 Ds Da D3 D2 D4 Do 





1 ADDRESS 











1/0/14 }0]1 
0 /O}1}1/0;0}7) 71 


[0 
-fofofololii1i1{1 





ICW4 
Ao D7 D6 Ds Dg D3 D2 D4 


Do 
pt fo | o | o sen] pur | ws | Aco] nPM | 





1 = 8086 / 8088 MODE 
0 =8085A MODE 
1 =AEOI MODE 
~{0=NORMAL MODE 


| O | » | -NON BUFFERED MODE 
| 1 | 0 | -BUFFERED MODE /SLAVE 
— BUFFERED MODE / MASTER 


1= SPECIAL FULLY NESTED 
MODE 
O= FULLY NESTED MODE 














050489 


Figure 4.4 |ICW Format 
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ICW83 


This is a command required for cascade connection of plural number of the 
TMP82C59As. When SNGL=0 in ICW1, the TMP82C59A interpretes a command 
written with Ag input made at "H" level after IOCW2 as ICW3. 


Master Mode 


In the master mode, the TMP82C59A specifies individually as to whether a 
slave device is added to each interrupt request input. 
If the 8085A is used as MPU when addition of a slave device is specified, the 
master device outputs CALL op-code on the data bus upon receipt of the first INTA 
signal and simultaneously outputs the slave identification code to the cascade line. 

The master device becomes high impedance at the second and third INTA 
signals, and the slave devices selected by the identification code outputs vector 
address on the data bus. When the 8086 is used as MPU, both the master and slave 
devices become high impedance at the first INTA signal. Simultaneously, the 
master device outputs the slave identification code to the cascade line. The master 
device also become high impendance at the second INTA signal and the selected 
slave device outputs a pointer on the data bus. When it is specified that no slave 
device is added, the master device outputs both CALL op-code and vector address 
as a response to INTA signal and simultaneously outputs "L" signal to 3 cascade 
lines. This is the same as the identification code of the slave device connected to 
IRop and therefore, in the case of the interrupt request input without the slave 
device, added, no slave device can be added to IRo. 

Further, to specify the master or slave, the SP/EN terminal must be set at "H" 
level or BUF must be set at 1 and M/S at 1 by ICW4. 


Slave Mode 


In the slave mode, the TMP82C59A specifies the slave identification code. 
The slave device compares its identification code with the identification code sent 
from the master device via the cascade line and if they agree, outputs vector 





addresses on the data bus upon receipt of the second and third INTA signals. 
Further, to specify the slave mode, the SP/EN terminal must be set at "L" level or 
BUF at land M/S at 0 by ICW4. 
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ICW4 


ICW4 is effective only when [C4=1 in ICW1. 
Although ICW4 is effective for assignment of the special fully nested mode 
(SFNM), assignment of the buffer mode (BUF) and in the buffer mode, this 
command makes the assignment of the master/slave (M/S), automatic EOI (AEOI) 
and MPU mode. When IC4=0 in ICW1, all function bits of ICW4 are set at "0". 


(2) OCW 


There are 3 kinds of commands: OCW1, OCW2, and OCW8. Any time after 
ICW is programmed, these command can be programmed to set the TMP82C59A in 
various operation modes. 


OCWl1 


After ICW is set, the TMP82C59A interpretes the operation set command to be 
OCWlwhen Ag=1. This command is used for setting the content of the interrupt 
mask register (IMR). The OCW1 format is shown in Figure 4.5. 


OCW2 


The TMP82C59A interpretes the operation set command to be OCW2 when 
Ag=0, D4=0 and Dg3=0. This command is used for outputting EOI. Lg to Lo are 
effective only in the case of specific EOI and specific rotation. 

The OCW2 format is shown in Figure 4.5. 


OCW3 


The TMP82C59A interpretes the operation set command to be OCW3 when 
Ajp=0, D4=0 and Dg3=1. This command is used for assigning the special mask 
mode, the poll mode and register for status information readout, that is, assigning 
IRR or ISR. The OC W3 format is shown in Figure 4.5. 
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OCW 1 


Ao D7 D6 Ds Da D3 
pt | My | me | Ms | me | Ms | 


D2 Dy 





a ae eee ee ae 1 = INTERRUPT MASK SET 


0 =INTERRUPT MASK RESET 
OCW2 


D7 Dé Ds D4 D3 D2 D; 


Cote Ts [ool oe tu pite RESET ISR OR INTERRUPT PRIORITY 


IN INTERRUPT REQUEST INPUT 







AUTOMATIC 
ROTATION 


SPECIFIC 


ROTATION 


OCW3 
D4 D3 D2 Dj 


Ao D7 D6 Ds 
pe To wnt 9 TT Te Tos 





1 = POLL COMMAND 
0 = NO POLL COMMAND 





ace RESET SPECIAL MASK MDOE 
P| ate | SET SPECIAL MASK MODE 
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Figure 4.5 OCW Format 
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4.6 EXPLANATION OF MODES AND COMMANDS 


(1) 


(3) 


FULLY NESTED MODE 


Unless the other modes are specified, the TMP82C59A operates in this mode. Under 
this mode, [Ro is the highest priority level and IR7 bocomes the lowest. 

When INTA signal is input, vector address corresponding to an interrupt and request 
having the highest priority at the time is output together with CALL op-code on the data 
bus and furthermore, corresponding ISR bits are kept set till EOI command is input to 
the TMP82C59A before MPU returns from the service routine or to the final leading 
edge of INTA pulse in AEOI mode. As long as these ISR bits are kept set, lower priority 
interrupt requests are ignored. Priority can be changed by OCW2. 


EOI (END OF INTERRUPT) 


EOI command is used to reset ISR bits. It is necessary for MPU to output EOI 
command before returning from the service routine. 
When AEOIT is set in ICW4, ISR bit are automatically reset at the leading edge of the 
final INTA pulse and it is therfore not necessary to output EOI command. As ISR bits 
are set in both the master and slave devices when cascade connected, it is necessary to 
output EOI command to both master device and the slave device corresponding to the 
master device. | 

EOI command is available in 2 kinds: non-specific EOI and specific EOI commands. 
When non-specific EOI command is output to the TMP82C59A, ISR bit having the 
highest priority among ISR bit is reset. However, in the special mask mode it is not 
possible to reset ISR bit that are masked by IMR by the non-specific EOI command, and 
ISR bit having the highest priority among the unmasked ISR bits is reset. On the other 
hand, it is possible to specify ISR bit to be reset by the specific EOI command by a 
program. EOI command is executed by OCW2. 


AEOI (AUTOMATIC EOI) MODE 


In this mode, the non-specific EOI operation is automatically executed at the leading 
edge of the final INTA signal. 

Therefore, this mode cannot be used for nested interruptions. In addition, this mode 
also cannot be used in the slave TMP82C59A. The TMP82C59A can be set in AEOI 
mode by setting AEOI bit in ICW4 to 1. 
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(4) 


(5) 


AUTOMATIC ROTATION 


This mode is effective in the application to give equal priority to the interrupt devices. 
In this mode, whenever the interrupt service ends, priority of each interrupt request is 
updated so that the serviced interrupt request is set at the lowest priority. Priority of 
interrupt request input IRn (n=0 to 7) that has been serviced becomes the lowest 
priority level 7 and becomes high in order toward IRp and then, IR7 and next IRn+1 
become the highest priority level 0. (Rotation Priority) 

For instance, when the interrupt request IR4 is seviced as shown in Figure 4.6, the 
priority of each interrupt request input is updated. 
This mode specifies R=1, SL=0 and EOI=1 by OCW2 at the end of service. Further, in 
case of AEOI mode, when R=1, SL=0 and EOI=0 are specified by OCW2, the internal 
flip-flop is set and the TMP82C59A operates in this mode. If R=0, SL=0 and EO[=0 
are specified by OC W2, this mode is cleared. 


before Rotation (highest priority interrupt request IR, is being serviced.) 


IS7 IS6 ISs Sa IS3 IS IS4 ISo 
eee [Eat er | Oo eo 
4 A 


Lowest priority Highest priority 


After ROTATION (Interrupt request IRq is being serviced.) 


IS7 IS6 ISs5 IS4 IS3 IS2 1S4 ISo 
BR OI Oh Oo | ee 
OME: ei Oa ee el ee 
t 4 


Highest Lowest 
priority priority 
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Figure 4.6 The Example of Interrupt Priority Transition in Automatic Rotation Mode 
SPECIFIC ROTATION 


In the automatic rotation mode, priority of each interrupt request input is updated 
whenever interrupt requests are serviced. Under this mode it is possible to change 
priority by specifying an interrupt request input to be set at the lowest priority by a 
program. Priority is determined according to the ratation priority. In this mode, R and 
SL are set at 1 by OCW2 and interrupt request input that is to be lowest priority at Lo to 
Lo is specified. Priority can be changed simultaneously with EOI command or 
independently regardless of KOI command. 
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(6) 


(7) 


(8) 


INTERRUPT MASK 


Each interrupt request input can be masked individually by the interrupt mask 
register (IMR). Content of IMR can be specified by OCWI. 


SPECIAL MASK MODE 


Normally when an interrupt service routine is being executed, lower priority 
interrupt requests than the interrupt request being serviced are ignored unless ISR bits 
are reset by EOI command. This special mode is used for an application in which an 
interrupt request of lower priority is approved during the service. In this mode, IMR 
also acts as the mask for ISR. That is, the TMP82C59A processes an interrupt request 
by assuming that ISR bit and IRR bit corresponding to IMR bit set at "1" have not been 
set. This mode is set by setting ESMM=1 and SMM=1 by OCW3. 

Further, when ESMM=1 and SMM=0 are assigned by OCW3, this mode is cleared to 
the normal mode. The IMR programming is made by OCW1. 


POLL COMMAND 


This mode is used in a state where the internal interrupt enable flip-flop of MPU is 
disabled and no interrupt is authorized. The service to the device is made by using the 
poll command. The poll command specifies P=1 in OCW8. The mode becomes now the 
poll mode. When the read operation (RD=0, CS=0) is made on the TMP82C59A, the 
following output is made on the data bus: 


D7 Dg Ds D4 D3 D2 D Do 

Ee see ee ee Ce ee ier 

Wo~W2 : Binary code of highest priority interrupt request among 
interrupt requests to the interrupt request inputs. 


| : There isan interrupt request to MPU when! = 1. 050489 


Figure 4.7. Poll Mode Data Format 
The TMP82C59A interpretes RD signal as the interrupt acknowledge and when 
D7=1 is output, sets corresponding ISR bit. This poll mode is valid for a period from WR 
(P=1 in OCW8) to next RD (CS=0). Further, an interrupt request to be serviced is 
determined at the time when the mode is made to the poll mode and end even when a 
new or high priority interrupt request is sent between WR.and RD, it is not accepted. 
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(9) 


(10) 


(11) 


READING STATUS 


MPU is capable of reading the contents of 3 registers IRR, ISR, IMR). When the 
reading operation is made at Ag=0, the content of IRR or ISR can be read out. Selection 
of IRR and ISR is made by OC W3. When RR is set at 1 and RIS at 0, IRR is assigned and 
when RR and RIS are set at 1, ISR is assigned. 

This assignment is kept stored without necessity for performing at every reading 
operation. IMR is read when Ap=1. If the poll mode is specified before the reading 
operation, the poll command has priority. 


EDGE TRIGGERED MODE / LEVEL TRIGGERED MODE 


This mode is selected by LTIM of ICWI. 

When LTIM is 0, the edge triggered mode is selected and interrupt request is triggered 
at the leading edge of the interrupt request signal and kept continued by holding "H" 
level. When LTIM is 1, the level triggered mode is selected and interrupt request is 
recognized by "H" level of the interrupt request signal. For both modes it is necessary to 
hold the interrupt request input at "H" level by triggering it till the fast INTA signal is 
output from MPU. If the interrupt request input is at "L" level when INTA signal is 
output from MPU, the same operations as those when interrupt requests are generated 
at IR7 are performed but ISR bits are not set. 


SPECIAL FULLY NESTED MODE 


This mode is used to give priority to the interrupt request input for the slave devices 
when they are cascade connected. 

This mode is assigned to the master TMP82C59A when SFNM is 1 in ICW4. 
With the exception of the following 2 points, this mode is identical to the fully nested 
mode. : 


[1] Even when an interrupt request from a slave device is being serviced, the 
master device accepts a higher priority interrupt request from the same slave 
device without ignoring it. (In the fully nested mode, a higher priority interrupt 
request from the slave device that is now being serviced is ignored and interrupt 
requests from a higher priority slave device only are accepted.) 


[2] When an interrupt request from a slave device is being serviced, it is necessary 
to check by a software as to whether the interrupt request is only one interrupt 
request from that slave device. 

When the service ended, after the non-specific EOI is output to that slave 
device, MPU has to check whether all ISR bits of that slave device are "0". If they 
are all "0", that slave has no interrupt request being serviced and therefore, the 
non-specific EOI is output to the master device to allow acceptance of interrupt 
request from the lower priority slave devices. 

Otherwise, the non-specific HOI must not be output to the master device. 
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(12) 


(13) 


BUFFERED MODE 


This mode is to output an enable signal to a data bus buffer from the SP/EN terminal 
when the data bus buffer is needed for the data bus on a large system. Under this mode, 
"L" level signal is output to the SP/EN terminal whenever the data bus output of the 
TMP82C59A is enabled. The assignment of this mode is made by ICW4 simultaneously 
with the assignment of the master/slave devices. 


CASCADE MODE 


The TMP82C59A is able to process interrupt requests up to 64 levels by one master 
and 8 slave devices. 

The cascading is shown in Figure 4.8. The master TMP82C59A selects the slave 
devices by the identification codes fully using 8 cascade lines. INT output of each slave 
device is connected to the interrupt request inputs of the master device. Further, the 
identification codes corresponding to respective connections are assigned for the slave 
devices by ICW8. 

When interrupt request are generated at the interrupt request inputs of the slave 
devices and accepted, the master device outputs the identification code to the slave 
device at the first INTA signal trailing edge to output vector address or pointer. This 
identification code is kept maintained to the leading edge of the final INTA signal. 
Normally, the master device outputs "L" level signal to all cascade line. EOI command 
must be output twice; to the master and second, to the slave corresponding to the 
interrupt service. Further, an address decoder is required to activate to the CS input of 
each TMP82C59A. 
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ADDRESS BUS 


16 
ie aa 27) contaotaus || 
ee ee a 


bh 
Ao IN 


TMP82C59A 
MASTER 












M7M5 M5 MgM3M2M,Mo 





GND 7 6 5 4 3 2 





INTERRUPT REQUEST 
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Figure 4.8 CASCADING 
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5.1 ABSOLUTE MAXIMUM RATINGS 


VIN Input Voltage 
[ro | PowerDispation iO 
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5.2 DCCHARACTERISTICS 
Ta= —40to +85°C, VCC =5 + 10%, Vss (GND) = OV, Unless otherwise noted. 


SYMBOL PARAMETER TEST CONDITION UNIT 
VOL Output Low Voltage lOL=2.2mA 















.2 
Output High Voltage |1OH1=-400pA 
VOH2 Output High Voltage |{IOH2=-100pA VCC-0.8 
HL Input Leak Current OVSVINSVCC 
HOFL Output Leak Current |0.45VSVINSVCC 
VIN =0V 
ILIR Input Current (IR) 
VIN =VCC 


1/O CYCLE = 1pS 
VIH = VCC-0.2V 
























Operating Supply 
Current 


Stand-by Supply VIH = VCC-0.2V 10 A 
Current Wik=02V B 


5.3. INPUT CAPACITANCE 
Ta=25°C, VCC = VSS (GND) =0V 


TEST 
INPUT CAPACITANCE fC=1MHz F 
Unmeasured 
C1/O INPUT / OUTPUT CAPACITANCE 


















pins, OV 
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5.4 AC CHARACTERISTICS 
= —40°C to + 85°C, VCC =5V + 10%, VSS (GND) = 


TEST 
SYMBOL PARAMETER CONDITION jin, | tye. | max. UNIT 


TRLRH RD Pulse Width co} — | 
TAHWL aus Setup Time = of - 


TWLWH_ | WR Pulse Width 120 


Input IR Low Level Pulse width 
WOH 
(Edge Trigger Mode) 
Casecade Setup Time 
TCVIAL 
(Second or Third INTA) 
TRARL [RD to Next Command tt 
TWHWL_|WRt0 Next Commanc 1 pl ed 
End of Command to next Command 
TCHCL (Not Same) 
End of INTA sequence to next INTA 
sequence 
fea 
TJHIH Interrupt Output Delay (IR) INT 
TIALCV | Valid Cascade Delay (INTA) CL = 100pF 


TRLDV | Valid Data Delay (RD /INTA) eet 
TRLEL __| Enable Active (RD/INTA) ietiee Soe 100 
CL = 100pF ee ea 












n 


— 












a) 
nn 





120 















TRHDZ Data Floating (RD/INTA) CL = 100pF 
TRHEH Enable Inactive (RD / INTA) 

TAHDV _ | Valid Data Delay (Ag/CS) 

TCVDV Valid Data Delay (CAS9 to CAS2) 


AC CHARACTERISTICS TEST CONDITION 
AC Testing |/O Waveform AC Testing Load Circuit 
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2.4 








TEST 
POINT 






0.45 C, = 100pF 
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6. TIMING WAVEFORMS 


WRITE OPERATION 


= TWLWH 
WR SS | 
TAHWL fw 
<r 
CS , 
i (ee 
0 " | 
TDVWH TWHDX 
ee -haaeeaenenenanaaneneel neemeneenmemeeammnenY atl 


READ AND INTA OPERATION 
RD TRLRH 


INTA TRHEH 


men | 
al 


8 i ees 2 


— TRLDV TRHDZ 
ce REALE’ oat 
TAHDV 


DOM De RR resect re eee re ee 
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INTA SEQUENCE TJHIH 
ad 
IR 
TJLJH ae 
INTA @ @ @ 


See (7-4-4 > 


TIMING TIALCV TCVIAL 
<—_—_—— > 
TCVDV 
OTHER TIMING 


RD TRHRL 
INTA —__—_—_> 
WR 





TCHCL 
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TMP82C59A 
7. EXTERNAL DIMENSION VIEW 
7.1 28 pins PRASTIC DIP 
DIP28-P-600 
Unit: mm 
28 15 vA 
+1 
1 14 
| . 37.0+0.2 | 
ie 
S 5 
S i 
Sposa o 
1.99TYP 2.54 
270289 


Note: Each lead pitch is 2.54mm, and all the leads are located within +0.25mm from their theoretical 
position with respect to NO. 1 and NO. 28 leads. 
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7.2 28 pins SMALL OUTLINE PACKAGE 
SOP28-P-450 


18.5202 













11.8:40.3 


x< 
re < 
= 
ia) 
wo 
—-Oo 
oo 
I0.1| < 
° 


Note: Package Width and Length do not include Mold Protrusions. 


Allowable Mold Protrusion is 0.15mm. 
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TOSHIBA MOS TYPE DEGITAL 
INTEGRATED CIRCUIT 
Silicon Monolithic N-Channel Silicon Gate MOS 


TMP8259AP 


PROGRAMMABLE INTERRUPT CONTROLLER 


1. GENERAL DESCRIPTION 


TMP8259AP is a programmable interrupt controller. It handles up to eight vectored 


priority interrupts for the MPU. It is cascadable for up to 64 vectored priority interrupts 
without additional circuitry. 


FEATURES 


Eight Level Priority Controller. 

Expandable to 64 Level. 

Interrupt Modes, Interrupt Mask, Vectored Address pieaamue 
Single +5V Power Supply. 

Supports 8085A, 8086 Microcomputer Interrupt Sequence. 


PIN CONNECTIONS (TOP VIEW) 


TMP8259AP 
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3. PIN NAMES AND PIN DESCRIPTION 


es eer Chip Select Input. A low on this pin enables RD and WR communication 
A beween the MPU and the TMP8259AP. INTA functions are independent of CS. 
avi} Write Control Input. A low on this pin when CS is low enables the TMP8259AP 
WR Input 
to accept command words from MPU. 
por Read Control Input. A low on this pin when CS is low enables the TMP8259AP 
P to release status onto the data bus for the MPU. 
Dpto D7 | Input/Output Bidirectional Data Bus. Command status and interrupt-vector information is 
transferred via this bus. 
CASa to Casecade Lines. The CAS lines from a private TMP8259AP bus to control a 
a Input/Output 


multiple TMP8259AP structure. These pins are outputs for a master TMiP8259AP 
and inputs for aslave TMP8259AP. 
SP/EN_ | Input/Output 
































Slave Program / Enable buffer. This is a dual function pin. When in the 
buffered mode is can be used as on Output to control buffer transceivers (EN). 
When not in the buffered mode it is used as an input to designate a master 
TMP8259AP (SP = 1) or aslave (SP = 0). 











Interrupt Request Output. This pin goes high whenever a valid interrupt 
request Is asserted. It is used to interrupt the MPU. It is connected to MPU's 
interrupt pin. 









Interrupt Request Inputs. An interrupt request is executed by raising an IR input 
(low to high), and holding it high until it is acknowledged (Edge Triggered 
Mode), or just by a high level on a IR input (Level Triggered Mode.) 











Interrupt Ackowledge INPUT. This pin is used to enable TMP8259AP interrupt- 
vector data onto the data bus by a sequence of interrupt ackowledged pulses 
issued by the MPU. 














Ao address line. This pin acts in conjunction with the CS, WR and RD pins. It is 
used by the TMP8259AP to decipher various command words the MPU writes 


Ao Input 
and status the MPU wishes to read. It is typically connected to the MPU Ao 
address line. 
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4. BLOCK DIAGRAM 


INTA 

DATA BUS INT 

BUFFER 

IRo 

IN IR 4 

SERVICE IR2 

REG IR3 

(ISR) 7 IRg 

IRs 

IR6 

IR7 

@ INTERRUPT MASK REG. Vec 

PAs (IMR) Vss 


INTERNAL BUS 
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5.1 ABSOLUTE MAXIMUM RATINGS 


SYMBOL ITEM RATING 


VCC Supply Voltage (with respect to VSS (GND)) -0.5to +7V 


rr 
Pvin | Input Voltage -0.5to +7V 


[ro version we 
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5.2 DC CHARACTERISTICS 
Ta=Oto + 70°C, VCC =5V + 10%, Vss (GND) =0V 


ee foes, [rer eee 
Input Low | InputLow Voltage -0. | 05 | L wel 
aT aa ee eee 
vor [owoutowvotse [etezana |= [=| oes [ov 
[von | owpatnishvotoe twee [ae [= [= |v 
prereset fovewnsvee [= ae 




















5.3. INPUT CAPACITANCE 
Ta =25°C, VCC = VSS 


Pcs | INPUT CAPACITANCE fC = 1 MHz 


Unmeasured 
ci/O INPUT /OUTPUT CAPACITANCE pins, OV 
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9.4 AC CHATACTERISTICS 
Ta=0°C to + 70°C, VCC =5V + 10%, VSS =0V 


Praiax [ag/@otstine di 










aime eas a 
TWHAX | Ao/CS Hold Time (WR) Pd 
* (WR 


ia) 


5 
wn 


TWLWH_ | WR Pulse Width 
TDVWH_ | Do toD7 Setup Time (WR) 


> 


TWHDX |DgtoD7 Hold Time (WR) 


=) 


Input IR Low Level Pulse width 


TJUH 


=) 


s 






(Edge Trigger Mode) 


TCVIAL 


sequence 


TRLDV Valid Data Delay (RD /INTA) Dy to Do | = 


=) 
Ww 


TRHRL RD to Next Command 
TWHWL_ | WR to Next Command 





=) 
n 


End of Command to next Command 


=) 
n 





*TCHCL | (Not Same) 


End of INTA sequence to next INTA 





Casecade Setup Time 
(Second or Third INTA) 


© 


nn (ve) Nn Nh 


> 
n 


2 
100 ns 
350 


a) 


TJHIH Interrupt Output Delay (IR) INT 
TIALCV | Valid Cascade Delay (INTA) CL = 100pF 


A 
=> 
wv 





125 ns 
1 


Worst case timing for TCHCL in an actual microprocessor system is typically much greater 
than 500 ns (i.e. 8085A =1.6ys, 8085A —2=1yps, 8086 =1ps, 8086 -2=625ps) 


50 ns 
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AC CHARACTERISTICS TEST CONDITION 


AC Testing |/O Waveform AC Testing Load Circuit 


2.4 
ees REST 

» POINT 
0.8 







2.0 
D.U.T 





0.8 


0.45 C, = 100pF 


a 050489 
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6. TIMING WAVEFORMS 
WRITE OPERATION | 


WR 
<—_—____—_> 
: fs 
Ao 
—————————_—_——__—_—— 


READ AND INTA OPERATION 


RD TRLRH 
INTA | TRHEH 
EN 
oils TRHAX 
a , = 
is a arr FE 
TRLDV | TRHDZ 
TAHDV ns 
Deeg? = Se ee eee Se eee CL, ee 
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INTA SEQUENCE THIH 
eo 
IR 
TJUWH |_| 
INTA @ @ © 
aE aS a ae a. 
TIALCV TCVIAL 
——_———_> 
TCVDV 
OTHER TIMING 


TGHGL 
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7. EXTERNAL DIMENSION VIEW 
28 pins PRASTIC DIP 
DIP28-P-600 


Unit: mm 


O- 15° 





14.040.2 


| 37-0202 | 





1.99TYP 2-54 


270289 


Note: Each lead pitch is 2.54mm, and all the leads are located within +0.25mm from their 
theoretical position with respect to No.1 and No.28 leads. 
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MULTIMODE DMA CONTROLLER 


TMP82C37AP-5/TMP82C37AM-5/TMP82C37AT-5 


1. GENERAL DESCRIPTION 


The TMP82C387AP-5/AM-5/AT-5 (hereinafter referred to as TMP82C37A) is a 
multimode direct memory access (DMA) controller. The TMP82C37A improves the 
system function by directly transferring information between the system memory and 
external devices. Memory-to-Memory data transfer capability is also provided. 

The TMP82C37A is provided with versatile programmable control functions in order 
to improve data throughput. 

The TMP82C37A is used with an 8-bit address register connected externally. The 
TMP82C37A has four built-in independent channels and it is possible to expand 
channels through cascade connection. 

There are three basic data transfer modes which are programmable by the user. Each 
channel is programmable individually and autoinitialization is possible by End of 
Process (EOP) signal. 

Each channel has the maximum 64K capability for both address and word count. 





EOP signal is capable of terminating data transfer between DMA and memories. EOP 
signal is useful for block search or verify or for terminating erroneous service. 


2. FEATURES 


Four independent DMA channels available 
Three transfer modes available; block, demand, and single transfer modes 





Independent auto initialize function provided to each of all channels 
Memory-to-Memory transfer | 

Address increment or decrement 

All DMA request disabled by disabling the master system 
Individual DMA request enable/disable control 

Unrestricted channel expansion by cascade connection 

End of Process (EOP) input for terminating transfer 

Software DMA Request 

Polarity control provided for DREQ signal and DACK signal 
Option for increasing transfer speed up to 2.5M word/sec (@5MHz) 
Single +5V power supply 

Low power consumption 5mA TYP. @5MHz 

Extend operating temperature —40°C to + 85°C 
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3. PIN CONNECTION (TOP VIEW) 
3.1 TMP82C37AP-5 (DIP), TMP82C37AM-5 (SOP) 














OR <> 01 | [] —> Az 
IOW <> 02 —> Ag 
MEMR ~—{3 b—> As 
MEMW ~=—(4 —> Ag 
note — (5 1] <> EOP 
READY —» (6 <> A3 


HLDA —> 07 [] <> A2 
ADSTB <~—[/8 []~<> Ay 

AEN ~—09 | «> Ag 

HRQ «<— [10 —— Vcc (+5V) 


cS — 11 1 <> DBo 
CLK —> {12 [] <> DB; 
RESET —» [13 1] ~> DB2 
DACK2 =—[ 14 ] <> DB3 
DACK3 ~—{15 1] <> DB, 
DREQ3 —> [16 1] —> DACKo 
DREQ2 —> {17 — DACK;, 
DREQ; —~ 18 1 ~> DBs 
DREQo — 19 1] ~> DBge 
(GND)Vss ——{ 20 [] ~»> DB7 


Note: PIN 5 must be connected to Vcc or opened. 
3.2. TMP82C37AT-5 (PLCC) 





Note: PIN 5 must be connected to Vcc or must be opened. 
NC: No Connection 
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HLDA ——~ 


HRQ 


DACKg~DACK3 


4 


TIMING 


CONTROL 







PRIORITY 
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ROTATING 
PRIORITY 
LOGIC 


COMMAND 
(8) 
MASK 


DECREMENTER 


INCDREMENTER 

DECREMENTER 
TEMPORARY ADDRESS 

REGISTER (16) 


| 


CURRENT 
WORD 
COUNT 
(16) 















BASE 
ADDRESS 
(16) 


CURRENT 
ADDRESS 












(4) 


REQUEST 
(4) 





A8 —A15 






COMMAND 
CONTROL 


MODE STATUS TEMPORARY 
(4x6) (8) (8) 


/OBUFFER 


DBg~DB 


leone 


050489 


VaIHSOL 


VLEDTBdINL 


TOSHIBA TMP82C37A 


4. 


PIN NAME & FUNCTION 


VEC 

+5V power supply 
Vss 

Ground 
CLK (Clock, Input) 


This input controls the internal operation and data transfer rate of the 
TMP82C87A. 
CS (Chip Select, Input) 


This input is low active and used to select the TMP82C87A as an I/O device 
during an I/O read or I/O write by the host MPU. If IOR or IOW is toggled 
following each transfer when a host MPU and the TMP82C87A are transferring 
data mutually, CS may be kept at LOW. 


RESET (Reset, Input) 


This input is asynchronous input to clear the command, status, request and 
temporary registers. In addition, this input is used to clear First/Last flip-flops 
and set the mask register. Following the reset, the TMP82C87A is placed in the 
idle cycle. 


READY (Ready, Input) 


This input is used to extend the memory or I/O read and write pulses in DMA 
cycle in order to adapt to low speed memories or I/O peripheral devices. 


HLDA (Hold Acknowledge, Input) 


By this signal, the TMP82C37A knows that the system bus control is turned 
over from MPU. 


DREQ 9-DREQ3 (DMA Request, Input) 


DMA request signals are input from peripheral circuits. If priority is fixed, the 
highest priority is given to DREQo and the lowest priority to DREQ3. Polarity of 
DREQ is programmable. DREQ becomes high active by RESET. 
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DBo-DB7 (Data Bus, Input/Output) 


The Data Bus are bidirectional 3-state lines connecnted to the system data bus. 
During MPU is in I/O read state, output is enabled and contents of the registers 
(address, status, temporary and word count) are output to MPU. During MPU isin 
1/O write state, the data bus serves as input and it becomes possible to program the 
control register of the TMP82C37A. 

During the DMA cycle, the most significant 8 bits of address are output on the 
data bus and latched by ADSTB signal externally. During the Memory-to-Memory 
transfer, the data of the source memory location are loaded into the temporary 
register of the TMP82C87A by the read operation and the contents of the 
temporary register are output to the destination memory location by the write 
operation. 


IOR (I/O Read, Input/Output) 


1/O read is a bidirectional, low active and 3-state signal. During the idle cycle, 
this signal serves as an input control signal used by MPU to read the control 
registers of the TMP82C37A. During the active cycle, this signal serves as an 
output control signal used by the TMP82C37A to access data from the peripheral 
circuit during the DMA read and transfer. 


IOW (I/O Write, Input/Output) 


1/O write is a bidirectional, low active, 3-state signal. During the idle cycle, this 
signal serves as an input control signal used by MPU to load the information to the 
TMP82C37A. During the active cycle, this signal served as an output control 
signal used by TMP82C37A to load the data to the peripheral. For write to the 
TMP82C37A by MPU, the leading edge of the write signal (IOW) is required for 
every data transfer. It is not possible to write more than two data by toggling CS 
while holding the IOW pin at low level. 
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EOP (End of Process, Input/Output) 


EOP (End of Process) is a signal relative to the end of DMA service, and is a low 
active, bidirectional and open drain signal. When the channel word count reaches 
from 0000H to FFFFH, the TMP82C37A outputs low pulse of EOP to peripheral 
devices as the end signal. 

In addition, it is also possible to pull EOP to the low level by peripheral device in 
order to cause the end of process. 

When EOP is received (internally or externally), the channel which is presently 
active terminates the service, sets that TC bit of the status register and resets that 
request bit. 

If that channel is programmed for auto initialization, that current register is 
updated from the base register. In all other cases, mask bit is set and the content of 
that register remains unchanged. 

During the Memory-to-Memory transfer, EOP is output when TC of channel 1 is 
produced. EOP is always used for channels with active DACK and external EOP 
has no connection when DACKp-DACKg are all inactive. 

EOP is an open drain signal and therefore, requires an external pull-up resistor. 


Ao-Ag (Address, Input/Output) 


The four least significant address lines are the bidirectional 3-state signals. In 
the idle cycle, these lines serve as the input signals and used by MPU for 
write/read of the control register. In the active cycle, they serve as the output 
signals and become low order 4 bits of output address. 


A4-A7 (Address, Output) 


The four most significant address lines are 3-state output signals. These lines 
are enabled for the period of DMA service only. 


HRQ (Hold Request, Output) 


This is the hold request signal to MPU, and is used to request the system bus 
control. HRQ is output by the TMP82C37A according to a software request or 
unmasked DREQ. 


DACKp-DACKg3 (DMA Acknowledge, Output) 


The DMA acknowledge lines indicate that channels are active. Normally, these 
are used for selecting peripheral devices. Only one DACK becomes active but it 
does not become active unless DMA is controlling the system bus. Polarity of these 
lines are programmable. After reset, they initialize low active. 
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AEN (Address Enable, Output) 


Address Eanble is a high active signal and used to enable output of the external 
latch which holds high order byte of address and to disable the system bus during 
the DMA cycle. 

During the DMA transfer, HLDA and AEN are used to disable all I/O except 
programmed I/O. The TMP82C37A disables CS input for DMA transfer to prevent 
itself from being selected automatically. 


ADSTB (Address Strobe, Output) 


This signal is a strobe output to an external latch circuit and is used to latch 
high order 8-bit address from DBo-DB7. 


MEMR (Memory Read, Outputd) 


This is a low active 3-state output used for transferring data from a memory toa 
peripheral device or for data accessing from a selected memory during the 
Memory-to-Memory transfer. 


MEMW (Memory Write, Output) 


This is a low active 3-state output used for transferring data from a peripheral 
device to a memory or for writing data into a selected memory during the Memory- 
to-Memory transfer. 
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5.1 


Si2 


OPERATIONAL DESCRIPTION 
DMA OPERARTION 


The TMP82C387A has two operations; idle cycle and active cycle. Each of these cycles 
consists of several states. | 

On the TMP82C37A, it is possible to consider 7 states each of which consists of one 
clock cycle. State I (SI) is an idle state. This is such a state as there is no valid DMA 
request pending. Slis a program condition state which is programmable by MPU. 

State 0 (SO) is the first DMA service state. This is a state that the TMP82C37A made 
a hold request to MPU but not yet received the acknowledge signal from MPU. When 
the acknowledge signal is recieved from MPU, the transfer is started. | 

S1, $2, S3 and $4 are the DMA service states. If more time is required by the 
transfer, it is possible to insert the wait state (SW) before S4 by READY input to the 
TMP82C387A. 

In the Memory-to-Memory transfer, in order to assure complete transfer, read from 
the memory and write to the memory are required. 8 states are necessary for one 
transfer. The first four states (S11, $12,513 and $14) are read from the memory and the 
latter four state (S21, S22, 523 and S24) are write to the memory. 

The temporary data register is used as an intermediate storage area of memory bytes. 


IDLE CYCLE 


When DMA service is not requested by channels, the TMP82C37A enters into the idle 
cycle and is placed in SI state. In order to check if the channels request DMA service, the 
TMP82C37A samples DREQ for every clock. 

The TMP82C37A also samples CS to check if MPU is requesting read or write of 
internal registers. When CS is low and HLDA is also low, the TMP82C87A is placed in 
the program condition. | 

At this time, MPU is able to change or check the content of any internal register 


through read or write from that register. 


Address lines Ag-Ag are input signals and used for selecting a register being read or 
written. IOR and IOW are used for selecting read or write and decide read/write timing. 

The internal flip-flop is used for generating address extension bits according to 
number and size of internal registers. (First/Last flip-flop) This bit is used for deciding 
high or low order byte of 16-bit address and word count register. 

The flip-flop is reset by the master clear or reset. In addition, this flip-flop also can be 
reset by an independent software command. On a special software command, the 
execution in the TMP82C37A program conditon is possible. These commands are 
decoded as in the address setting when both CS and IOW are active. 

The data bus is not used for this command. This command is available in three types; 
clear First/Last flip-flop, master clear and clear mask register. 
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ACTIVE CYCLE 


When the TMP82C37A is in idel cycle and the channels are requesting DMA service, 
the TMP82C37A outputs HRQ to MPU and goes into the active cycle. In this cycle, the 
DMA service for any one of 4 modes is executed. 


Single Transfer Mode: 


In this mode, the TMP82C37A performs a single byte transfer during each 
HRQ/HLDA handshake. When DREQ becomes active, HRQ becomes active. After MPU 
responds by driving HLDA active, a single byte transfer will take place. After the 
transfer HRQ becomes inactive, its word count is decreased, and address is increased or 
decreased. When word count changes from 0000H to FFFFH, a terminal signal is 
generated and if the channels are programmed, the auto initialization is made. 

To execute the single byte transfer, it is necessary to hold DREQ until DACK 
corresponding each DREQ becomes active. If DREQ is continuously active, HRQ 
becomes inactive following each transfer and then, becomes active again, and the new 
single byte is executed following the leading edge of HLDA. 

On the 8085A system, one machine cycle can be executed during the DMA transfer. 


Block Transfer Mode: 


In this mode the TMP82C37A continues the transfer until terminal count (TC) is 
generated or an external End of Process signal (EOP) is encountered. Here, TC is 
produced when the word count changes from 0000H to FFFFH. 

What is required for DREQ is to hold it in active state until DACK becomes active. 
Auto initialization (if so programmed) is taken place at the end of DMA service. 


Demand Transfer Mode: 


In this mode the TMP82C37A continues the transfer until TC is produced or EOP is 
or DREQ becomes inactive. Thus, it is possible for a device, which is requesting the 
DMA service, to suspend the transfer by making DREQ inactive. The service is resumed 
when DREQ is made active again. It is possible to read an intermediate value of address 
and word count from the current address and current word count register of the 
TMP82C87A while the system bus is returned to MPU during execution of the DMA 
service. 

The auto initialization is taken place following TC or EOP at the end of DMA service. 
In order to perform a new DMA service following the auto intialization, the active edge 
of DREQ is necessary. 
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5.3.4 Cascade Mode: 


5.4 


This mode is used when the TMP82C37A is cascade connected for a simple system 
expansion. HRQ and HLDA of the additional TMP82C37A are connected to DREQ and 
DACK of the first TMP82C37A. DMA request to the TMP82C37A which is added for the 
purpose of system expansion is authorized by the priority circuit of the first 
TMP82C387A. 

If the priority is already decided, the additional device must wait till the acknowledge 
request. The cascade channel of the first TMP82C37A is used only for deciding priority 
of the additional TMP82C37A and therefore, the channel itself does not output address 
nor control signal. This is to prevent the added device from colliding with output of the 
cascade channel. On the TMP82C37A, DACK respond to DREQ. However all other 
outputs except HRQ are disabled. 

The state of cascade connection is shown in Figure 5.1. In Figure 5.1, two levels of 
DMA are formed. To further expand the TMP82C87A, it is possible to add it to the 
second level using the TMP82C37A, it is possible to add it to the second level using the 
remaining channel of the first TMP82C37A. To further add another TMP82C37A, the 
third level can be formed by cascade connecting it to the second level. 


2nd Level 









Ind Level 





TMP82C37A 









Microprocessor HRQ 


HLDA 


DREQ 
DACK 


HRQ 
HLDA 















TMP82C37A 





HRQ 
HLDA 





DREQ 
DACK 














TMP82C37A 





Initial Device 


Additional Device 050489 
Figure 5.1 Example of Cascade Connection of TMP82C37A 


TRANSFER FORMAT 


3 different transfer format are available for 3 active transfer modes. 

They are read, write and verify. In the write transfer, data is transferred from I/O 
device to memory by MEMW and IOR. In the read transfer, data is transferred from 
memory to I/O device by MEMR and IOW. 

The verify transfer is a pseudo transfer. The TMP82C37A perform such operations as 
address generation for read or write transfer, answer to EOP, etc. However, memory or 
I/O control line does not become active. 
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5.6 


5.7 


MEMORY-TO-MEMORY TRANSFER: 


The TMP82C37A has the ability of block movement and is capable of transferring 
data block from one memory address location to another location. When Bit 0 of the 
command register is programmed at Logic 1, Channel 0 and 1 operate as the Memory-to- 
Memory transfer channels. Channel 0 serves as source address and Channel 1 as a 
destination address, and the word count of Channel 1 is used. The Memory-to-Memory 
transfer is executed when software DMA request is set for Channel 0. 

The Memory-to-Memory transfer must use the block transfer mode. 

When Channel 0 is programmed as a fixed source address, it is possible to write single 
source words into a memory block. 

When the TMP82C87A is programmed for the Memory-to-Memory transfer, Channel 
0 and Channel 1 must be masked. The same value as that is set for Channel 1 must be 
set for the word count of Channel 0. During the Memory-to-Memory transfer, AEN 
became active but DACK does not become active. 

During the Memory-to-Memory transfer, the TMP82C37A respond to external EOP 
signal. In the block search, the data comparator uses this (EOP) input to terminate the 
DMA service when match is found. The Memory-to-Memory transfer timing is shown in 
Timing Diagram 4. 


AUTO INITIALIZATION: 


When Bit 4 of the mode register is set to 1, the channels are set up for the auto 
initialization. During the auto initialization, data are loaded into the current address 
and current word count registers from the base address and base word count registers, 
respectively, following EOP. The base registers are loaded by MPU simultaneously with 
the current registers and remain unchanged during the DMA service. 

When the channels are under the auto initialization, mask bit is not set by EOP. 

Following the auto initialization, that channel is prepared to execute the service 
without interposition of MPU. 


PRIORITY: 


The TMP82C37A has two types of priority which can be selected by software. The 
first type is the fixed priority. Channel priority is fixed by channel number. The lowest 
priority is channel 8, followed by 2, 1, and the highest priority is channel 0. | 

The second type is the rotating priority. In this type, an accepted channels is then 
given with the lowest priority . 

On the rotating priority in the singel chip DMA system, the highest priority of any 
one channel comes after no more than three higher priority services have occurred. This 
rotating priority prevent a specific channel from occupying the system all the time. (See 
the following below diagram. ) 
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1st Service 2st Service 3st Service 
The highest 0 2 ~<—Service 3 ~«—Service 
The lowest 2 o(\s 1 
priority 3 1 2 050489 


The priority judging circuit selects a channel with the highest priority requesting the 
DMA service for every active edge of HLDA. Once the channel starts the service, that 
operation will not be suspended even when the service is demanded by another channel with 
higher priority. A channel with higher priority can get the control right only after a channel 
with lower priority relinquished HRQ. Whenever the control is transferred from a channel to 
another channel, MPU gets the system bus control right. This assures the leading edge of 
HLDA which is used for selecting a channel with the highest priority. 


9.8 COMPRESSED TRANSFER TIMING: 


In order to accomplish greater throughput allowed by system characteristics, the 
TMP82C37A is capable of compressing the transfer time to 2 clock cycles. As can be 
seen from Timing Diagram 3, State $3 is used to extend readout pulse access time. 
When State S3 is removed, readout pulse width becomes equal to write pulse width. 
Then, the transfer will consist of State S2 for changing address and State S4 for 
executing read/write. State S1 is produced when Ag to Ays are updated (refer to Address 
Generation). Compressed transfer timing is shown in Timing Diagram 5. 

During Memory-to-Memory transfer, compressed transfer is not available. 


5.9 ADDRESS GENERATION: 


To reduce number of pins, the TMP82C37A has the multiplexed address/data bus. 
State S1 is used to output high order address byte to the external latch. The trailing edge 
of ADSTB is used to load the address byte from the data line on the external latch 
circuit. AEN is used to enable latch outputs from 3 states. Low order address byte is 
ditectly output by the TMP82C37A. 

Ao to A7 are connected to address bus. Timing Diagram 3 show the relationship 
among CLK, AEN, ADSTB, DBo to DB7 and Ag to Az. 

Address produced during the block and demand transfers are sequential. For many 
transfer the same address data will be held in the external address latch. This address 
data changes only when carry or borrow from A7 to Ag is produced in the normal 
sequence. To raise system throughput, on the TMP82C37A, S1 state is executed only for 
updating Ag to Ays requiring the external latch. 
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6. 


6.1 


6.2 


DESCRIPTION OF REGISTERS 


Base address register 
Base word count register 
Curren address register 


Current word count register 


Temporary address register 


Temporary word count register 
Status register 

Command register 

Temporary register 

Mode register 

Mask register 


Request register 





050489 
Figure 6.1 Internal Registers 


CURRENT ADDRESS REGISTER: 


Each channel has a 16-bit current address register. This register holds addresses that 
are used during the DMA transfer. After each transfer, this register is automatically 
incremented or decremented, and intermediate address values are stored in the current 
address register during the transfer. Write or read of this register is made by MPU. An 
original value is initialized again by the auto initialization. 

The auto initialization is taken place only after EOP. 


CURRENT WORD COUNT REGISTER: 


Each channel has a 16-bit current word count register. For this register, the number 
of words to be transferned that is one less than that to be tranferred must be 
programmed. The word counter is decremented after each transfer. Intermediate 
values of word count are stored in this register during the transfer. When the register 
value goes from 0000H to FFFFH, TC (Terminal Count) is produced. 

When this register is in the program condition, load or read is made by MPU. 
Following the end of DMA service, this register is initialized to original values again by 
the auto initialization. 

The auto initialization is taken place only when EOP is produced. Note that the 
content of the word count register becomes FFFFH following internally produced EOP. 
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6.3 


6.4 


BASE ADDRESS REGISTER, BASE WORD COUNT REGISTER: 


Each channel has a pair of registers; the base address register and base word count 
register. These 16-bit registers store original values of related current registers. These 
registers are used to store original values of current registers at time of the auto 
initialization. Write to the base register is made at the same time of write into 
equivalent current registers during the programming by MPU. Therefore, write into 
the current registers which store intermediate values are made over these intermediate 
values. The base register cannot be read out by MPU. 


COMMAND REGISTER: 


This 8-bit register controls the operation of TMP82C37A. This command register is 
programmed (clear or reset) by MPU when it is in the program condition. The figure 
below show the functions of command bits. For address codes, refer to Figure 6.2. 


7 6 5 4 3 20 1 0 ~<— Bit 
Memory-to-memory transfer disable 
Memory-to-memory transfer enable 
Channel 0 address hold disable 
Channel 0 address hold enable 
In case of bitO =0 
Controller enable 
Controller disable 
Normal timing 
Compressed timing 
In case of bitO =1 
Fixed priority 
Rotating priority 
Normal write pulse 
Extended write pulse 
In case of bit3 =1 
DREQ sense active high. 
DREQ sense active low. 
DACK sense active low. 
DACK sense active high. 


a OS on BO en oe eon res 
POROxrFPOROx FR OR OxM FR ORO 
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6.5 MODE REGISTER: 

All channels have a 6-bit mode register, respectively. This mode register is written 
by MPU when it is in the program condition, and Bit 0 and 1 select the channel to be 
programmed. 
ve 6 5 4 Ss 2 1 QO ~«<— Bit 

aria cs Sy a 100 Selection-of channel.0 
| 01 Selection of channel 1 
10 Selection of channel 2 
11 Selection of channel 3 
00 Verify transfer 
01 Write transfer (1/0 to Memory) 
10 Read transfer (Memory to I/O) 
11 Illegal 
XX Incase of bit 6, 7=11 


0 
1 
1 
00 


6.6 REQUEST REGISTER: 


Auto initialize disable 
Auto initialize enable 
Address increment 
Address decrement 
Demand mode 
Single mode 

Block mode 


Cascade mode 050489 


The TMP82C87A is capable of responding to DMA service request by software similar 





to DREQ. Each channel has a single bit request register which cannot be masked. 
Further, priority is given by the priority encode circuit. 

Bit of each register is set or cleared by software and further, cleared by generation of 
TC or external EOP. All registers are cleared by reset. In order to set or reset bit, a 
proper form of data word is loaded by software. 

Address codes are shown in Figure 6.2. DMA service request by software is accepted 
only when the channels are in the block mode. In the Memory-to-Memory transfer, 
DMA service request only to Channel 0 by this software command becomes valid. 


7 6 5 4 3 2 1 0 ~«<— Bit 
SSS SS SS Sy" 1-00. “(Channel 01s selected. 
K | 01 Channel 1 isselected. 
10 Channel 2 is selected. 
11 Channel 3 is selected. 


Reset of request bit 


Set of request bit 050489 
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6.7 MASK REGISTER: 


For each channel, mask bit are allocated to the mask register to disable DREQ input. 
If the auto initialization has not been programmed for the channels, the channel 
corresponding to a mask bit is set when EOP is produced. Each bit of the 4-bit mask 
register is also set or cleared by the software command. All bits are also set by reset. 
This will disable all DMA requests until the clear mask register command is enabled. 
Command addressing is shown in Figure 6.2. 


7 6 5 4 3 2 1 0 ~<—Bit 


ain. are ———- 1" 100. Selection of mask bit of channel 0. 
X | 01 Selection of mask bit of channel 1. 
10 Selection of mask bit of channel 2. 
11 Selection of mask bit of channel 3. 
{ 0 Clear of mask bit 
1 Setof mask bit 050489 . 


All four bits of the mask register can be written also by a single command. 


7 6 5 4 3 2 1 QO ~«— Bit 
i ec aecaee cee orcre garter teagmae rears’ Q Clear mask bit of channel 0. 
X 1 Set mask bit of channel 0. 


Set mask bit of channel 1. 


0 Clear mask bit of channel 2. 
1 Set mask bit of channel 2. 


{ QO Clear mask bit of channel 1: 
1 


0 Clear mask bit of channel 3. 
1 Set mask bit of channel 3. 050489 
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6.8 STATUS REGISTER: 


6.9 


This register is read out by MPU through the TMP82C37A. Status information of the 
TMP82C87A at time of readout is included. Information as to which channel reaches 
the terminal count (TC) and which channel is pending the DMA request are included in 
this information. Bits 0 to 3 are set every time when a channel reaches TC including the 
auto initialization. 

These bits are cleared by reset or when each status is read out. Bits 4 to 7 are always 
set when corresponding channels are requesting the DMA service 


7 6 5 4 3 2 1 QO ~<— Bit 
Channel 0 reaches TC. 
Channel 1 reaches TC. 
Channel 2 reaches TC. 
Channel 3 reaches TC. 
Channel 0 request. 
Channel 1 request. 
Channel 2 request. 
Channel 3 request. 


a 
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TEMPORARY REGISTER: 


This register is used for holding data during the Memory-to-Memory transfer. A last 
word transferred following the end of transfer is read out by MPU that is in the program 
condition. Unless cleared by reset, this register contains the last word transferred 
during the preceding Memory-to-Memory transfer. 
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6.10 SOFTWARE COMMANDS: 


These commands are the special software commands which are executed in the 
program condition and do not depend upon the specified bit pattern on the data bus. 
These commands are available in following three commands: 


6.10.1 Clear First/Last Flip-Flop 


This command is executed prior to write or read of address information or word count 
information of the TMP82C37A. Furthermore, this command is used when low order or 
high order 8 bits of register are accessed. | 


6.10.2 Master Clear 


This software command has the same effect as the hardware reset. The command, 
status, request, temporary, and internal First/Last flip-flop registers are all cleared by 
this command, and the mask register is set. 

The TMP82C87A enters into the idle cycle. 


6.10.3. Clear Mask Register 


This command clears all mask bits of four channels, enabling acceptance of the DMA 
service requests. Address codes of the software command are shown in Figure 6.2. 


ae Operation 
n [as | [i 


Pio [oo [0 [7 | Read oftatisregiter SSCS 
Pao [0 [0 1 [0 | Witetocommandregiter 
aed a eae eee 
oe 
ie poe es 
ie 






—_ 








—_ 














at | 3 


—_— | — 


| Write to mode register 

Ee 3 Clear First/Last fip-flop 

tl Read of temporary register 

mk 
ae Clear mask register 

All bit write of mask register 


Note: The oblique lined codes denote illegal codes. 


a 


a_i f aed | et jf or |] — 


—_ 
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Figure 6.2 Register and Function Addressing 
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Ch 
ma Register Operation (*) 
[€S TOR|OW) As | A2 | As | Ao 


Base & Current 
Address 






Data Bus 
DBog~DB7 




























Current Address 


Base & Current 
Address 


Current Address 





Base & Current 
Address 


Current Address 


Base & Current 
Address 


Current Address 





Base & Current 
Address 


Current Address 


Base & Current 
Address 

















Current Address 


Base & Current 
Address 


Current Address 


Base & Current 
Address 





Current Address 
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(*) : Internal First/Last Flip-Flop 
Figure 6.3 Word Count, Address Registers 
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7. PROGRAMMING 


If HLDA of MPU is inactive it is possible to program the TMP82C37A by MPU even 
when HRQ is active. | 

However, it is necessary for MPU to take care that programming of the TMP82C37A 
and anser of HLDA are taken place simultaneously. 

It requires care when the DMA service is requested to an unmasked channel during 
the programming of the TMP82C37A. 

It is considered that an embarrassing trouble may be caused in this case. 

For instance, if MPU is going to rewrite the address register of channel 2 and in 
addition, the TMP82C87A is enabled and channel 2 is not masked when channel 2 
received a DMA request. The DMA service will be started after one byte of the address 
register is written. Such a problem as exampled above can be taken place. 

To avoid such problems as this, it is better to disable the controller or mask unmasked 
channels before reprogramming any register. , 

It is better to enable the controller or clear the masking when the programming is 
completed. 


Example of Program Set (CH2) 


DI : Interrupt disable 

OUT MCLR : Master clear 

MVI A, XXXXXXXXB 

OUT CMND : Command register set-up 

MVI A,XXXXXX10B 

OUT MODE : Mode register set-up 

MVI A,37H 

QUT ADR2 | : CH2 Address Reg. (low order) 

MVI A,82H 

OUT ADR2 : CH2 Address Reg. (high order) 

MVI A,1/7H 

OUT WCNT2 : CH2 Word count register (low order) 
MVI A,95H 

OUT WCNT2 : CH2 Word count register (high order) 
MVI A,00000010B 

OUT MSKB - CH2 Mask clear (signal bit) 

EI | : Interrupt enable 
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8. 


ELECTRIC CHARACTERISTICS | 


8.1 ABSOLUTE MAXIMUM RATINGS 






oe ITEMS TEST CONDITION RATING UNIT 
| Vcc (| Supply Voltage -0.5to +7.0 Pov | 




























With R 
crane Input Voltage fpetvoeae _roc. -0.5 to Vec+0.5 eee | 
| Vour Output fowinut Valinge = | -~0.5 to | -0.5to Vee +0.5 | 5 
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8.2 DC CHARACTERISTICS 


= —40°Cto + 85°C, VCC = 5V + 10%, VSS (GND) = 


Ln input Low Voltage 















CLK = 5MHz 

Vin =Vcc -0.2V 
Vii =0.2V 
CLK =DC 


Vin =Vcc-0.2V 
Vit =0.2V 






Operating Supply 
Current 


















Stand-by Supply 
Current 










lcc2 
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8.3. AC CHARACTERISTICS 


8.3.1 Active Cycle (Notes : 2 and 9) 
Ta= -40°C to + 85°C, Vcc = 5V + 10%, Vsg (GND) = OV (1/2) 


AEN HIGH from CLK LOW (S1) Delay time | = | 200 | ns — 
AEN LOW from CLK HIGH (SI) Delay time p= [| 130 | ons 


ns 
TAFAB ADR Active to Float Delay from CLK HIGH ns 
READ or WRITE Float Delay from CLK HIGH 120 ns 
DB Active to Float Delay from CLK HIGH 170 ns 
ADR from READ HIGH Hold Time 
DB from ADSTB LOW Hold Time 
TAHW ADR from WRITE HIGH Hold Time 

DACK Valid from CLK LOW Delay Time 


EOP LOW from CLK HIGH Delay Time 


TASM ADR Stable from CLK HIGH | 
Tass DB to ADSTB LOW Setup Time 100 


TCH Clock HIGH Level Width 
Clock LOW Level Width 










TAFC 
TAFDB 


TAHR TCY-100 


> 
n 


nn 


TAHS 
TCY-50 


=) 
7) 


Ww 
© oO 








—_ 
~~ 
© 


ns 
170 ns 
170 ns 
170 ns 





a) 









100 


+ 
~~ 


* + 
4} 4 
O ;O a 

rome) rt 
NO — 


NO 
© 
© 
rv) 





CY Clock Cycle Time 


TDCL CLK HIGH to READ or WRITE LOW Delay Time = (NOTE 3) 


TDCTR READ HIGH from CLK HIGH (S4) Delay Time (NOTE 3) 
TDCTW WRITE HIGH from CLK HIGH (S4) Delay Time (NOTE 3) 


190 ns 
190 ns 
130 





ns 


=) 


120 ns 
HRQ Valid from CLK HIGH Delay Time (NOTE 4) 120 

140 ns 
TEPS EOP Low from CLK LOW Setup Time 4 ns 





EOP pulse width 

DB Float to Active Dilay from CLK HIGH 
READ or WRITE Active from CLK HIGH 
TEADB DB Float to Active Dilay from CLK HIGH 
Tus HLDA Valid to CLK HIGH Setup Time 
Input Data from MEMR HIGH Hold Time 
Input Data to MEMR HIGH Setup Time 
Output Data from MEMW HIGH Hold Time 
Output Data Valid to MEMW HIGH 

_ |DREQ to CLK LOW (SI, $4) Setup Time 
CLK to READY LOW Hold Time 


S 
170 ns 
150 ns 


TEPW 


”N 


TFEAAB 





TFAC 


NO 
NO 
Oo 
> 


NO 
© 
© 


n 


ive) 


ns 






=) 
7) 


TIDH 
TIDS 170 


TODH 


a) 
nn 


Topv 


Si 
On 


* 
+ 
D 
"Nn 
168) 
© 
> 
"Nn 


—_ 
NO nN}; => 
© Mm}; © 
ie) min 





> 


TRH 
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Ta= —40°C to + 85°C, Vcc = 5V + 10%, Vssg (GND) = OV (2/2) 


SYMBOL PARAMETER 
Cis [ReADYiociKOWSeupTine ———SCSC—~C—~‘iST 
[Ten [ADSTBHIGHomCLKHIGHDeayTine «Yds 
[Tarr __[ABSTBLOW From CLKHIGHDetayTime —__———~i| | 90 | 


050489 











Notel : TCLand TDQ2. 
The following AC specification can be also guaranteed under the conditions 
:Ta= —40°C to 50°C 
Vec=5V+5% 
Vss=0V 
Note2 : Value with * is different from AC specification of N-MOS part. 


8.3.2 Program Condition (Idle Cycle) (Notes : 2, 8 and 9) 
Ta= —40°Cto + 85°C, Vcc = 5V +t 10%, Vss5 (GND) = OV | 


Tax [RoR Vator SlOWiREABIOW | 
Taw [ADR atid or WRITE HGH Seip Tone | van [= [oe 
Tew —|eSLOW io WATEWGHSetuptine a0] = 
[Tow [Osta Vaidto WRTTERIGH Setup ine] a [=| ne 
Data Access from READ LOW (Note 7) 













ns 
ns 
ns 
ns 

Tey 
ns 
ns 
ns 
ns 
ns 





SYMBOL PARAMETER TEST CONDITION UNIT 
Input Capacitance fc = 1.0MHz, Input =0V 
I/O Capacitance 
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Notel. TYP. value is that when rated voltage is applied at Ta= 25°C. 
Note 2. Testconditions; a) Unless otherwise specified, timing defining signal voltage are; 
Input High level=2.4V, Low level =0.45V 
Output High level =2.2V, Low level =0.8V 
b) Input rising and falling times are below 20ns. 
c) Unless otherwise spesified, 1X TTL gate and 150 pF load are 
provided to output. 

Note 3. Normal write pulse width is TCY-100 ns. Extension write pulse width is 2TCY-100 ns. 
Read pulse width is 2TCY-50 ns, and compressed read pulse width is TCY-50 ns. 

Note 4. TDQis measured at two different high levels. 

TDQ1=2.2V, TDQ2=3.3V. 

Note 5. Itisnecessary to keep DREQ active until DACK is received. 

Note 6. Both low active and high active level are available for DREQ and DACK. 

Note 7. Output load of the data bus are provided with 1 X TTL gate and 15 pf as the minimum 
value, and1XTTL gate and 150 pF as the maximum value. 

Note 8. Sucessive read or/and write operations by the MPU to program must be timed to allow at 
least 400ns as recovery time between active read or write pulses. 

Note9. Signal READ and WRITE are IOR and MEMW for the DMA operations from peripheral 
devices to the memory. In the DMA operations from the memory to peripheral devices, 
they are MEMR and IOW. 

Note 10. When N state wait is added at time of write to memory in the latter half memory-to- 
memory transfer, this parameter increases by N (TCY) at a time. 
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9. TIMING DIAGRAM 


cs sm 


OW NS 
TWA 
a oe 
AO~AS XO INPUT VALID | KKK RERRIRR 
Twp 
Tow 


coo ER wane CRE 


050489 


Timing Diagram 1. Program Condition Write Timing 
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Timing Diagram 2. Program Condition Read Cycle 
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Timing Diagram 3 Active Cycle 
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SO $11 $12 $13 $14 $21 $22 $23 $24 S| 


CLK 
TSTL | 
ADSTB ean 7 a ae 
TFAAB | TAHS TAFAB 
| 
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TAFDB 
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> 
be ws | 
\S) 
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INT EOP 


TEPS 


EAnEOs HA TLL LLL / 


050489 
Timing Diagram 4 Memory-to-Memory Transfer 
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Timing Diagram 5 Compressed Transfer 
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$2 $3 SW SW S4 
CLK __ } 
— TDCTR 
READ : . 
ok TDCTW 
WRITE = R 
(FOR EXTENDED WRITE) —~ = | 


TRS TRS 


me" XXX Y/ 0 


Timing Diagram6 Ready Timing 





Timing Diagram 7 Reset Timing 
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10. EXTERNAL DIMENSION 
10.1 40PIN DIP EXTERNAL DIMENSION 
DIP40-P-600 


Unit : mm 


O- 15° 


40 21 


13.440.2 


| 50.7 40.2 | 








L2ZvyP 


1 
120.25 M) © 


270289 





Note: Each pitch is 2.54mm, and all the leads are located within +0.25mm from their theoretical 
positions with respect to No. 1 and No. 40 leads. 
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10.2 40PIN SOP EXTERNAL DEMENSION 
SSOP40-P-450 

















Unit: mm 
40 21 
AOU OUUOUU UU 
yu oUopoOoOogtWaOoOoOoOntoOoOoOneaoooo 
aa amekseeeteshaesasesataeheseseaesaeeaeeeeeee Se Deiel Pare a 
N m -_~ 
ol O° ~ 
+ +1 
ol . 
re) - at 
EE CTEETEERED ER) |S aa 
MOUUMUOUU Udo ooo 
WPoeoog a oop oOoOoOoOogoOooOeaoOoo do 
MUUUMMUUUDUGUUOU Uo ooUoe 
1 20 
1.15TYP fen 1.15TYP 
bf0.16G 
| 17.5+0.2 
Conner Ee 
; O06 
+ | 
uy 
0.1] F 
Oo 
0.8+0.2 
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Note: Package Width and Length do not include Mold Protrusions. 
Allowable Mold Protrusion is 0.15mm. 
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10.3 44PIN PLCC EXTERNAL DEMENSION 
QFJ44-P-S650 


17.52+0.2 Unit: mm 





16.6 +0.2 


<< eee 













NN] ON 2] 
re) ° “16 
+I +1 bod +I 
© Py ich | wo 
Re) ge a). os 
. — 
ran) 
+i 
< 
rm) 
Ww 
=o 
oo 
+ | 
N 
ran) 
N 
ro) 
+1 
~ 
~ 
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15.76 + 0.2 
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11. EXAMPLE OF APPLICATION CIRCUIT 


The connecting method of the TMP82C387A and MPU is shown in Figure 11.1. 

The multimode DMA controller outputs a hold request whenever valid DMA request 
is produced from peripheral device. When MPU answers by the hold acknowledge 
signal, the TMP82C87A receives the control right of the address bus, data bus, and 
control bus. In the first transfer, address (the least significant 8 bits of the address bits 
and the most significant 8 bits on the data bus) is output. 

The content of the data bus is latched by the 8-bit latch (TC74HC373P) to make the 
address bus complete. After execution of the first transfer, that latched data is updated 
only when carry or borrow is produced on the least significant address byte. When one 
TMP82C87A is used, four DMA channels are provided. 





ADDRESS BUS Ag~Aj15 







Ag~A15 





OE 
TC74HC373P 
E 












8BIT LATCH | 


AEN Ao~A3 Aa~A7 
















MN 
co 
TMP82C37A m om (a) 
HUDA of Bay ee) 
HR Vv an |= |= = W =U a) 
Q Sa Be yee ac 
ee = A aA 











CONTROL 
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SYSTEM DATA BUS 
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Figure 11.1 Basic System Connection Diagram 
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Figure 11.2 shows the expansion method for number of DMA channels. It is possible 
to realize net 7 DMA channels by connecting the second TMP82C37A to one of the DMA 
channels of the first TMP82C37A. 

Two DMA chips commonly use the same 8-bit latch. Thus, any channel is used for 
expansion. 
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TC74HC373P 
OE LE 8BIT LATCH 
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READY 
Figure 11.2 Expansion of TMP82C37A 
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MULTIMODE DMA CONTROLLER 
TMP8237AP-5 


1. GENERAL DESCRIPTION 


The TMP8237AP-5 (hereinafter referred to as TMP8237A) is a multimode direct 
memory access (DMA) controller. The TMP8237A improves the system function by 
directly transferring information between the system memory and external devices. 
Memory-to-Memory data transfer capability is also provided. | 

The TMP8237A is provided with versatile programmable control functions in order to 
improve data throughput. — 

The TMP8237A is used with an 8-bit address register connected externally. 

The TMP8237A has four built-in independent channels and it is possible to expand 
channels through cascade connection. 

There are three basic data transfer modes which are programmable by the user. Hach 
channel is programmable individually and autoinitialization is possible by End of 
Process (EOP) signal. 

Each channel has the maximum 64K capability for both address and word count. 
EOP signal is capable of terminating data transfer between DMA and memories. EOP 
signal is useful for block search or verify or for terminating erroneous service. 


2. FEATURES 
e Four independent DMA channels 
6 Three transfer modes; block, demand, and single transfer modes 
e Independent auto initialize function provided to each of all channels 
e Memory-to-Memory transfer 
e Address increment or decrement 
® All DMA request disabled by disabling the master system 
@ Individual DMA request enable/disable control 
e Unrestricted channel expansion by cascade connection 
e End of Process (EOP) input for terminating transfer 
e Software DMA Request 
@ Polarity control provided for DREQ signal and DACK signal 
6 Option for increasing transfer speed up to 2.5M word/sec 


® Single +5V power supply 
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3. PIN CONNECTIONS (TOP VIEW) 












{OR <> 01 d— Az 
IOW ~<> {2 [1] —> Ag 
MEMR <—{ 3 J— As 
MEMW ~«=—(04 ]}—> Ag 
(note) —- 05 36 0 <> EOP 


READY — 6 35 
HLDA —> [7 ]~<> A? 


ADSTB <~—{/8 33 0 <> A; 
AEN ~«—[/9 ~=»> Ag 
HRQ ~—[{] 10 —— Vcc (+ 5V) 
cS — 11 <> DBo 
CLK — [12 [] ~> DB, 
RESET — 13 28 [] ~~ DB2 


DACK2 <~—{ 14 2/ 
DACK3 <~—{ 15 26 
DREQ3 —> [| 16 25 
DREQ2 — (17 24 
DREQ; —~ 18 23 
DREQo —> 7] 19 22 
(GND)Vss —— JU 20 21 0 <> DB7 


Note: PIN 5 must be connected to VCC or opened 
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Figure 3.1 Pin Connections 





MPU85-241 


CVC-S8NdIN 


VLETBdINIL JO WesbeIq yD0/g Z'E auNbIy 









Ao~A3 
INCDREMENTER 
DECREMENTER DECREMENTER | WOBUFFER 















TEMPORARY ADDRESS 
EOP <~—~oa 
REGISTER (16) 
RESET ——> ee ee 
€§ —>d 
READY ——> | OUTPUT 
acs TIMING BUFFER 
CONTROL READ BUFFER READ/WRITE BUFFER 
AEN 
ADSTB BASE BASE CURRENT Sa 
ADDRESS ADDRESS ee 
MEMR d COUNT in 
(16) (16) (16) <q 
MEMVW C ! COMMAND 
ce 
iOR x 


CONTROL © 






, DBo~DB 
COMMAND 
DREQo~DREQ3 —>| priority VOBUFFER <a 
ENCODER 
HLDA ——~> i 
| MASK 
PRIORITY 
DACKo~DACKs =<“ LOGIC sed teens edie 
MODE STATUS. | | TEMPORARY 


(4) 


WSIHSOL 


VLEC8dINLL 


TOSHIBA TMP8237A 


4. PINNAME & FUNCTION 


e VCC 

+5V power supply 
e VSS 

Ground 





e CLK (Clock, Input) 


This input controls the internal operation and data transfer rate of the 
TMP8237A. | 


e CS (Chip Select, Input) 


This input is low active and used to select the TMP8287A as an I/O device 
during an I/O read or I/O write by the host MPU. If IOR or IOW is toggled 
following each transfer when a host MPU and the TMP8237A are transferring 
data mutually, CS may be kept at low. 


e RESET (Reset, Input) 


This input is asynchronous input to clear the command, status, request and 
temporary registers. In addition, this input is used to clear First/Last flip-flops 
and set the mask register. Following the reset, the TMP8237A is placed in the idle 
cycle. 


e READY (Ready, Input) 


This input is used to extend the memory or I/O read and write pulses in DMA 





cycle in order to adapt to low speed memories or I/O peripheral devices. 
e HLDA (Hold Acknowledge, Input) 


By this signal, the TMP8237A knows that the system bus control is turned over 
from MPU. 


e DREQ 9-DREQ3 (DMA Request, Input) 


DMA request signals are input from peripheral circuits. If priority is fixed, the 
highest priority is given to DREQg and the lowest priority to DREQ3. Polarity of 
DREQ is programmable. DREQ becomes high active by RESET. 
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e DBo-DB7 (Data Bus, Input/Output) 


The data bus are bidirectional 3-state lines connected to the system data bus. 
During MPU is in I/O read state, output is enabled and contents of the registers 
(address, status, temporary and word count) are output to MPU. During MPU isin 
I/O read state, the data bus serves as input and it becomes possible to program the 
control register of the TMP82387A. 

During the DMA cycle, the most significant 8 bits of address are output on the 
data bus and latched by ADSTB signal externally. During the Memory-to-Memory 
transfer, the data of the source memory location are loaded into the temporary 
register of the TMP8237A by the read operation and the contents of the temporary 
register are output to the destination memory location by the write operation. 


e IOR (I/O Read, Input/Output) 


I/O read is a bidirectional, low active and 3-state signal. During the idle cycle, 
this signal serves as an input control signal used by MPU to read the control 
registers of the TMP8237A. During the active cycle, this signal serves as an 
output control signal used by the TMP82387A to access data from the peripheral 
circuit during the DMA read and transfer. 


e IOW (I/O Write, Input/Output) 


I/O write is a bidirectional, low active, 3-state signal. During the idle cycle, this 
signal serves as an input control signal used by MPU to load the information to the 
TMP8237A. During the active cycle, this signal served as an output control signal 
used by TMP8237A to load the data to the peripheral. For write to the TMP8237A 
by MPU, the leading edge of the write signal (IOW) is required for every data 





transfer. It is not possible to write more than two data by toggling CS while 
holding the IOW pin at low level. 


e HOP (End of Process, Input/Ouptut) 


EOP (End of Process) is a signal relative to the end of DMA service, and is a low 
active, bidirectional and open drain signal. When the channel word count reaches 
from 0000H to FFFFH, the TMP8237A output low pulse of EOP to peripheral 
devices as the end signal. 

In addition, it is also possible to pull EOP to the low level by peripheral eves? in 
order to cause the end of process. 

When EOP is received (internally or externally), the channel ents is presently 
active terminates the service, sets that TC bit of the status register and resets that 
request bit. 

If that channel is programmed for auto initialization, that current register is 
updated from the base register. In all other cases, mask bit is set and the content of 
that register remains unchanged. 
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During the Memory-to-Memory transfer, EOP is output when TC of channel 1 is 
produced. EOP is always used for channels with active DACK and external EOP 
has no connection when DACKo-DACKs are all inactive. 

EOP is an open drain signal and therefore, requires an external pull-up resistor. 


e Ao-Ag (Address, Input/Output) 


The four least significant address lines are the bidirectional 3-state signals. In 
the idle cycle, these lines serve as the input signals and used by MPU for 
write/read of the control register. In the active cycle, they serve as the output 
signals and become low order 4 bits of output address. 


@ Ag-A7 (Address, Output) 


The four most significant address lines are 3-state output signals. 
These lines are enabled for the period of DMA service only. 


e HRQ (Hold Request, Output) 


This is the hold request signal to MPU, and is used to request the system bus 
control. HRQ is output by the TMP8237A according to a software request or 
unmasked DREQ. 


e DACKyp-DACKg3 (DMA Acknowledge, Output) 


The DMA acknowledge lines indicate that channels are active. Normally, these 
are used for selecting peripheral devices. 

Only one DACK becomes active but it does not become active unless DMA is 
controlling the system bus. Polarity of these lines are programmable. After reset, 
they initialize low active. 





e AEN (Address Enable, Output) 


Address Enable is a high active signal and used to enable output of the external 
latch which holds high order byte of address and to disable the system bus during 
the DMA cycle. 

During the DMA transfer, HLDA and AEN are used to disable all I/O except 
programmed I/O. The TMP82387A disables CS input for DMA transfer to prevent 
itself from being selected automatically. 


e ADSTB (Address Strobe, Output) 


This signal is a strobe output to an external latch circuit and is used to latch 
high order 8-bit address from DBo-DB7. 
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_ MEMR (Memory Read, Output) 


This is a low active 3-state output used for transferring data from a memory to 4 


peripheral device or for data accessing from a selected memory during the 
Memory-to-Memory transfer. 


MEMW (Memory Write, Output) 


This is a low active 3-state output used for transferring data from a peripheral 


device to a memory or for writing data into a selected memory during the Memory- 
to-Memory transfer. 
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5.2 


OPERATIONAL DESCRIPTION 
DMA OPERATION 


The TMP8237A has two operations; idle cycle and active cycle. Each of these cycles 
consists of several states. 

On the TMP8237A, it is possible to consider 7 states each of which consists of one 
clock cycle. State I (SI) is an idle state. This is such a state as there is no valid DMA 
request pending. Slis a program condition state which is programmable by MPU. 

State 0 (SO) is the first DMA service state. This is a state that the TMP8237A madea 
hold request to MPU but not yet received the acknowledge signal from MPU. When the 
acknowledge signal is received from MPU, the transfer is started. 

S1, S2, S38 and 54 are the DMA service states. If more time is required by the 
transfer, it is possible to insert the wait state (SW) before 54 by READY input to the 
TMP8237A. 

In the Memory-to-Memory transfer, in order to assure complete transfer, read from 
the memory and write to the memory are required. 8 states are necessary for one 
transfer. The first four status (S11,$12,513 and $14) are read from the memory and the 
latter four state ($21, $22,523 and $24) are write to the memory. 

The temporary data register is used as an intermediate storage area of memory bytes. 


IDLE CYCLE 


When DMA service is not requested by channels, the TMP8237A enters into the idle 
cycle and is placed in SI state. In order to check if the channels request DMA service, the 
TMP8237A samples DREQ for every clock. 

The TMP8237A also samples CS to check if MPU is requesting read or write of 
internal registers. When CS is low and HLDA is also low, the TMP8237A is placed in 
the program condition. 

At this time, MPU is able to change or check the content of any internal register 
through read or write from that register. 

Address lines Ag-Ag are input signals and used for selecting a register being read or 
written. [OR and IOW are used for selecting read or write and decide read/write timing. 

The internal flip-flop is used for generating address extension bits according to 
number and size of internal registers. (First/Last flip-flop) This bit is used for deciding 
high or low order byte of 16-bit address and word count register. 

The flip-flop is reset by the master clear or reset. In addition, this flip-flop also can be 
reset by an idependent software command. 

On a special software command, the execution in the TMP82387A program condition is 





possible. These commands are decoded as in the address setting when both CS and IOW 
are active. 

The data bus is not used for this command. This command is available in three types; 
clear First/Last flip-flop , master clear and clear mask register. 
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5.3. ACTIVE CYCLE 


> 


When the TMP8237A is in the idle cycle and the channels are requesting DMA 
service, the TMP8237A outputs HRQ to MPU and goes into the active cycle. In this 
cycle, the DMA service for any one of 4 modes is executed. 


Single Transfer Mode: 


In this mode, the TMP8237A performs a single byte transfer during each HRQ/HLDA 
handshake. When DREQ becomes active, HRQ becomes active. 

After MPU responds by driving HLDA active, a single byte transfer will take place. 
After the transfer HRQ becomes inactive, its word count is decreased, and address is 
increased or decreased. When word count changes from 0000H to FFFFH, a terminal 
signal is generated and if the channels are programmed, the auto initialization is made. 

To execute the single byte transfer, it is necessary to hold DREQ until DACK 
corresponding each DREQ becomes active. If DREQ is continuously active, HRQ 
becomes inactive following each transfer and then, becomes active again, and the new 
single byte is executed following the leading edge of HLDA. 

On the 8085A system, one machine cycle can be executed during the DMA transfer. 


5.3.2 Block Transfer Mode: 


In this mode the TMP8237A continues the transfer until terminal count (TC) is 
generated or an external End of Process signal (EOP) is encountered. Here, TC is 
produced when the word count changes from 0000H to FFFFH. 

What is requied for DREQ is to hold it in active state until DACK becomes active. 
Auto initialization (if so programmed) is taken place at the end of DMA service. 


5.3.3 Demand Transfer Mode: 


In this mode the TMP8237A continues the transfer until TC is produced or EOP is or 
DREQ becomes inactive. Thus, it is possible for a device, which is requesting the DMA 
service, to suspend the transfer by making DREQ inactive. The service is resumed when 
DREQ is made active again. It is possible to read an intermediate value of address and 
word count from the current address and current word count register of the TMP8237A 
while the system bus is returned to MPU during execution of the DMA service. 

The auto initialization is taken place following TC or EOP at the end of DMA service. 
In order to perform a new DMA service following the auto initialization, the active edge 
of DREQ is necessary. 
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5.3.4 Cascade Mode: 


5.4 


This mode is used when the TMP8237A is cascade connected for a simple system 
expansion. HRQ and HLDA of the additional TMP8287A are connected to DREQ and 
DACK of the first TMP8237A. DMA request to the TMP8237A which is added for the 
purpose of system expansion is authorized by the priority circuit of the first TMP8237A. 

If the priority is already decided, the additional device must wait till the acknowledge 
request. The cascade channel of the first TMP8237A is used only for deciding priority of 
the additional TMP8287A and therefore, the channel itself does not output address nor 
control signal. This is to prevent the added device from colliding with output of the 
cascade channel. On the TMP8237A, DACK respond to DREQ. 

However all other outputs except HRQ are disabled. 

The state of cascade connection is shown in Figure 5.1. In Figure 5.1, two levels of 
DMA are formed. To further expand the TMP8237A, it is possible to add it to the second 
level using the remaining channel of the first TMP8237A. To further add another 
TMP8237A, the third level can be formed by cascade connecting it to the second level. 


2nd Level 










ist Level 









Wire: TMP8237A 












processor 





HRQ DREQ 
HLDA DACK 


HRQ 
HLDA 












TMP8237A 






HRQ 
HLDA 


DREQ 
DACK 










TMP8237A 





Initial Device 


Additional device 050489 
Figure 5.1 Example of Cascade Connection of TMP8237A 
TRANSFER FORMAT 


3 different transfer format are available for 3 active transfer modes. 

They are read, write and verify. In the write transfer, data is transferred from I/O 
device to memory by MEMW and IOR. In the read transfer, data is transferred from 
memory to I/O device by MEMR and IOW. 

The verify transfer is a pseudo transfer. The TMP82C37A perform such operations as 
address generation for read or write transfer, answer to EOP, etc. However, memory or 
I/O control line does not become active. 
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5.5 


5.6 


5.7 


MEMORY-TO-MEMORY TRANSFER: 


The TMP8237A has the ability of block movement and is capable of transferring data 
block from one memory address location to another location. When Bit 0 of the 
command register is programmed at Logic 1, Channel 0 and 1 operate as the Memory-to- 
Memory transfer channels. 

Channel 0 serves as a source address and Channel 1 as a destination address, and the 
word count of Channel 1 is used. The Memory-to-Memory transfer is executed when 
software DMA request is set for Channel 0. 

The Memory-to-Memory transfer must use the block transfer mode. 

When Channel 0 is programmed as a fixed source address, it is possible to write single 
source words into a memory block. 

When the TMP82387A is programmed for the Memory-to-Memory transfer, eanddl 0 
and Channel 1 must be masked. The same value as that is set for Channel 1 must be set 
for the word count of Channel 0. During the Memory-to-Memory transfer, AEN became 
active but DACK does not become active. 

During the Memory-to-Memory trnasfer, the TMP8237A respond to external EOP 
signal. In the block search, the data comparator uses this (EOP) input to terminate the 
DMA service when match is found. The Memory-to-Memory transfer timing is shown in 
Timing Diagram 4. 


AUTO INITIALIZATION: 


When Bit 4 of the mode register is set to 1, the channels are set up for the auto 
initialization. During the auto initialization, data are loaded into the current address 
and current word count registers from the base address and base word count registers, 
respectively, following EOP. The base registers are loaded by MPU simultaneously with 
the current registers and remain unchanged during the DMA service. 

When the channels are under the auto initialization, mask bit is not set by EOP. 

Following the auto initialization, that channel is prepared to execute the service 
without interposition of MPU. 


PRIORITY: 


The TMP8237A has two types of priority which can be selected by software. The first 
type is the fixed priority. Channel priority is fixed by channel number. The lowest 
priority is channel 3, followed by 2,1, and the highest priority is channel 0. | 

The second type is the rotating priority. In this type, an accepted channels is then 
given with the lowest priority . 

On the rotating priority in the single chip DMA system, the highest priority of any 
one channel comes after no more than three higher priority services have occurred. This 
rotating priority prevent a specfic channel from occupying the system all the time.(See 
the following next page diagram.) 
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5.8 


opie, 


Ist Service 2nd Service 3rd Service 


The highest 
priority 


0 
1 ~<—Service 3 ~— Request 0 
The lowest u Xo 1 
priority 3 1 050489 


The priority judging circuit selects a channel with the highest priority requesting the 
DMA service for every active edge of HLDA 
Once the channel starts the service, that operation will not be suspended even when 


2 ~<— Service 3 ~«— Service 


the service is demanded by another channel with higher priority. A channel with higher 
priority can get the control right only after a channel with lower priority relinquished 
HRQ. 

Whenever the control is transferred from a channel to another channel, MPU gets the 
system bus control right. This assures the leading edge of HLDA which is used for 
selecting a channel with the highest priority. 


COMPRESSED TRANSFER TIMING: 


In order to accomplish greater throughout allowed by system characteristics, the 
TMP8237A is capable of compressing the transfer time to 2 clock cycles. As can be seen 
from Timing Diagram 3, State $3 is used to extend readout pulse access time. When 
State $3 is removed, readout pulse width becomes equal to write pulse width. Then, the 
transfer will consist of State S2 for changing address and State $4 for executing 
read/write. State Sl is produced when Ag to Ay5 are updated (refer to Address 
Generation). Compressed transfer timing is shown in Timing Diagram 5. 

During Memory-to Memory transfer, compressed transfer is not available. 


ADDRESS GENERATION: 


To reduce number of pins, the TMP8237A has the multiplexed address/data bus. 
State S1 is used to output high order address byte to the external latch. The trailing 
edge of ADSTB is used to load the address byte from the data line on the external latch 
circuit. 

AEN is used to enable latch outputs from 3 states. Low order address byte is directly 
output by the TMP8237A. 

Ag to A7 are connected to address bus. Timing Diagram 3 show the relationship 
among CLK, AEN, ADSTB, DBo to DB7 and Ag to Az. 

Addresses produced during the block and demand transfers are sequential. For many 
transfer the same address data will be held in the external address latch. This address 
data changes only when carry or borrow from A7 to Ag is produced in the normal 
sequence. To raise system through put, on the TMP8237A, S1 state is executed only for 
updating Ag to Ay5 requiring the external latch. 
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6. 


6.1 


6.2 


DESCRIPTION OF REGISTERS 


Base address register 
Base word count register 
Count address register 


Current word count register 


Temporary address register 


Temporary word count register 
Status register 

Command register 

Temporary register 

Mode register 


Mask register 





Request register 


050489 
Figure 6.1 Internal Registers 


CURRENT ADDRESS REGISTER: 


Fach channel has a 16-bit current address register. This register holds addreses that 
are used during the DMA trnasfer. After each transfer, this register is automatically 
incremented or decremented, and intermediate address values are stored in the current 
address register during the transfer. Write or read of this register is made by MPU. An 
original value is initialized again by the auto initialization. 

The auto initialization is taken place only after EOP. 


CURRENT WORD COUNT REGISTER: 


Each channel has a 16-bit current word count register. For this register, the number 
of words to be transferred that is one less than that to be transferred must be 
programmed. The word counter is decremented after each transfer. Intermediate 
values of word count are stored in this register during the transfer. When the register 
value goes from 0000H to FFFFH, TC (Terminal Count) is produced. 

When this register is in the program condition, load or read is made by MPU. 
Following the end of DMA service, this register is initialized to original values again by 
the auto initialization. 

The auto initialization is taken place only when EOP is produced. 
Note that the content of the word count register becomes FFFFH following internally 
produced EOP. 
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6.3. BASE ADDRESS REGISTER, BASE WORD COUNT REGISTER: 


Each channel has a pair of registers; the base address register and base word count 
register. These 16-bit registers store original values of related current registers. These 
registers are used to store original values of current registers at time of the auto 
initialization. Write to the base register is made at the same time of write into 
equivalent current registers during the programming by MPU. 

Therefore, write into the current registers which store intermediate values are made 
over these intermediate values. The base register cannot be read out by MPU. 


6.4 COMMAND REGISTER: 


This 8-bit register controls the operation of TMP8237A. This command register is 
programmed (clear or reset) by MPU when it is in the program condition. The figure 
presented below show the functions of command bits. For address codes, refer to 
Figure 6.2. 


7 6 5 4 3 2 1 O ~<— Bit 
Memory-to-memory transfer disable 
Memory-to-memory transfer enable 
Channel 0 address hold disable 
Channel 0 address hold enable 
In case of bitO0 =0 
Controller enable 
Controller disable 
Normal timing 


| 


ei, Y cee, 7 aeeeins T catne, Tt comet autnenn Tt atin a 


Compressed timing 





In case of bit0 = 1 

Fixed priority 

Rotating priority 

Normal write pulse 

Extended write pulse 

In case of bit 3 = 1 

DREQ sense active high. 

DREQ sense active low. 

DACK sense active low. 

DACK sense active high. 050489 


FPF OF ODO KPO FPF OO z~CK~ RP CO rP OO e_~ hh PU OULU 
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6.5 MODE REGISTER: 


All channels have a 6-bit mode register, respectively. This mode register is written 
by MPU when it is in the program condition, and Bit 0 and 1 select the channel to be 
programmed is to be written. 


Selection of channel 0 
Selection of channel 1 
Selection of channel 2 
Selection of channel 3 

Verify transfer 

Write transfer (1/O to Memory) 
Read transfer (Memory to I/O) 
Illegal 

In case of bit 6,7 =11 

Auto initialize disable 

Auto initialize enable 
Address increment 

Address decrement 

Demand mode 

Single mode 

Block mode 

Cascade mode e50282 
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6.6 REQUEST REGISTER: 


The TMP8237A is capable of responding to DMA service request by software similar 
to DREQ. Each channel has a single bit request register which cannot be masked. 
Further, priority is given by the priority encode circuit. 

Bit of each register is set or cleared by software and further, cleared by generation of 
TC or external EOP. All registers are cleared by reset. In order to set or reset bit, a 
proper form of data word is loaded by software. 

Address codes are shown in Figure 6.2. DMA service request by software is accepted 
only when the channels are in the block mode. In the Memory-to-Memory transfer, 
DMA service request to only channel 0 by this software command becomes valid. 


7 6 5 4 3 2 1 QO ~«— Bit 


aa ere rae —— "100 Channel 0 is selected. 
x | 01 Channel 1 is selected. 
10 Channel 2 is selected. 
11 Channel 3 is selected. 
{ 0 Reset of request bit 
1 Set of request bit O282 
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6.7 MASK REGISTER: 


For each channel, mask bit are allocated to the mask register to disable DREQ input. 
If the auto initialization has not been programmed for the channels, the channel 
corresponding to a mask bit is set when EOP is produced. Each bit of the 4-bit mask 
register is also set or cleared by the software command. All bits are also set by reset. 
This will disable all DMA requests until the clear mask register command is enabled. 
Command addressing is shown in Figure 6.2. 


7 6 5 4 3 2 1 Oo ~<— Bit 
Sra ay ——_.———"_ {00 Selection of mask bit of channel 0. 
X 01 Selection of mask bit of channel 1. 


10 Selection of mask bit of channel 2. 
11 Selection of mask bit of channel 3. 

{ 0 Clear of mask bit 
1 Set of mask bit 050489 


All four bits of the mask register can be written also by a single command. 


7 6 5 4 3 2 1 0 ~«<—~ Bit 


Clear mask bit of channel 0. 
Set mask bit of channel 0. 


Clear mask bit of channel 1. 
Set mask bit of channel 1. 


Clear mask bit of channel 2. 
Set mask bit of channel 2. 


Clear mask bit of channel 3. 
Set mask bit of channel 3. 050489 
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6.8 


6.9 


6.10 


STATUS REGISTER 


This register is read out by MPU through the TMP8237A. Status information of the 
TMP8237A at time of readout is included. 

Information as to which channel reaches the terminal count (TC) and which channel 
is pending the DMA request are included in this information. Bits 0 to 3 are set every 
time when a channel reaches TC including the auto initialization. 

These bits are cleared by reset or when each status is read out. 

Bits 4 to 7 are always set when corresponding channels are requesting the DMA 
service 


7 6 5 4 Ss 2 1 QO 8 ~=— Bit 
Channel 0 reaches TC. 
Channel 1 reaches TC. 
Channel 2 reaches TC. 
Channel 3 reaches TC. 
Channel 0 request. 


Channel 1 request. 
Channel 2 request. 


a ae a 


Channel 3 request. 
050489 


TEMPORARY REGISTER: 


This register is used for holding data during the Memory-to-Memory transfer. A last 
word transferred following the end of transfer is read out by MPU that is in the program 
condition. Unless cleared by reset, this register contains the last word transferred 
during the preceding Memory-to-Memory transfer. 


SOFTWARE COMMANDS: 


These commands are special software commands which are executed in the program 
condition and do not depend upon the specified bit pattern on the data bus. These 
commands are available in following third commands: 


6.10.1 Clear First/Last flip-flop 


This command is executed prior to write or read of address information or word count 
information of the TMP8237A. Furthermore, this command is used when low order or 
high order 8 bits of register are accessed. 
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6.10.2 Master Clear 


This software command has the same effect as the hardware reset. The command, 
status, request, temporary, and internal First/Last flip-flop registers are all cleared by 
this command, and the mask register is set. 

The TMP82387A enters into the idle cycle. 


6.10.3 Clear Mask Register 


This command clears all mask bits of four channels, enabling acceptance of the DMA 
service requests. » 
Address codes of the software commands are shown in Figure 6.2. 


| A3 | Az | Ai | Ao | 1OR |IOW| Operation 


|) 1 | 0 | 0 | 0 | oO | 1 |Readofstatusregister 
jt | 0 | o | o | 1 | 0 [Writetocommandregister 
1fojo | ri ae 













Je 


Bit set, reset of mask register 
Write to mode register 
Clear First/Last flip-flop 
Read of temporary register 


Master clear | 
Clear mask register 


All bit write of mask register 










Note: The oblique lined codes denote illegal codes. 050489 


Figure 6.2 Register and Function Addressing 
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7 Register Operation 
Eta ae a 


Base & Current 
Address 
Current Address 







Data Bus 
DBog~DB7 















Base & Current 
Address 
Current Address 












Base & Current 
Address 
Current Address 
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Address 
Current Address 
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Address 
Current Address 
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Address 
Current Add ress 










Base & Current 
Address 
Current Address 













Base & Current 
Address 
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Figure 6.3 Word Count, Address Registers 
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7. 


PROGRAMMING 


If HLDA of MPU is inactive it is possible to program the TMP8237A by MPU even 
when HRQ is active. 

However, it is necessary for MPU to take care that programming of the TMP8237A 
and answer of HLDA are taken place simultaneously. 

It requires care when the DMA service is requested to an unmasked channel during 
the programming of the TMP8287A. 

It is considered that an embarrassing trouble may be caused in this case. 

For instance, if MPU is going to rewrite the address register of channel 2 and in 
addition, the TMP82387A is enabled and channel 2 is not masked when channel 2 
received a DMA request. The DMA service will be started after one byte of the address 
register is written. Such a problem as exampled above can be taken place. 

To avoid such problems as this, it is better to disable the controller or mask unmasked 
channels before reprogramming any register. 

It is better to enable the controller or clear the masking when the programming is 
completed. 


Example of Program Set (CH2) 


DI : Interrupt disable 

OUT  MCLR : Master clear 

MVI A, XXXXXXXXB | 

OUT  CMND : Command register set-up 

MVI A, XXXXXX10B 

OUT MODE : Mode register set-up 

MVI A, 37H 

OUT ADR2 : CH2 Address Reg. (low order) 

MV A, 82H 

OUT ADR2 : CH2 Address Reg. (high order) 

MVI A, 17H 

OUT WCNT2 : CH2 Word count register (low order) 
MVI A, 95H 

OUT  WCNT2 : CH2 Word count register (high order) 
MVI A, 000000108 

OUT MSKB2 : CH2 Mask clear (single bit) 

E| : Interrupt enable 
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8. ELECTRIC CHARACTERISTICS 
8.1 ABSOLUTE MAXIMUM RATINGS 


Tn npuevotage 1] resp = 
[> rower dwspaion | —~+Y ss | w 
isa |soiderTemperaure |_| ae0ttoned | ve 
ing [seageTenperatre |__| -os~viso |e 
[Tepe operningtenperture | =| ea _| ee 
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8.2 DC CHARACTERISTICS 
Ta=0C to 70C, Voc = 5V 5%, Vss (GND) = OV 


SYMBOL PARAMETER TEST CONDITIONS Sse Ne A UNIT 
vin |input low Weliaee 


loH2 = — 100pA 
Output High Voltage (HRQ ONLY) 3.3 V 


Output Leakage 
| 0.45VSVout=V 
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8.3. AC CHARACTERISTICS 
8.3.1 Active Cycle (1/3) (Notes : 2 and 9) 
Ta=0C to 70C, Vcc =5V 5%, Vs5 = OV 


Tass [ARNHIGH FomCKLOW IS DeayTIne |= | 200 ms 
ner _[AENLOW rom CLKHIGH SDDelayTime | =| 130) as 
Tare [ADR Active to Floet Delay romCUKHIGH | =| 90 ms 
[Tare [READ or WATTE Float Belay rom CUKMIGR [=| 120 ns 
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Active Cycle (2/3) 


Tare DBAcie Te Fost Delay romcIRWGH || 0 a 
Cras AOR Tom REAGHIGHHoISTIne—____—*fe= 00] — [ve 
inns [ba trom aosre ownoistime |__| ~[m 
Cras [ADR rom WRTEWGH RotdTine PTY] — | 
DACK Valid from CLK LOW Delay Time Cdn nse 
TAR EOP HIGH from CLK HIGH Delay Time | = | 170) ns 


EOP LOW to CLK HIGH Delay Time 
ADR Stable from CLK HIGH 

TASS DB to ADSTB LOW Setup Time 
TCH Clock HIGH Level Width 

TeL Clock LOW Level Width 

Tcy Clock Cycle Time 


CLK HIGH to READ or WRITE LOW Delay Time 
(Note 3) 
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Toctw | WRITE HIGH from CLK HIGH ($4) Delay (Note 3) 
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TEPWw EOP pulse width 

DB Float to Active Delay from CLK HIGH 
READ or WRITE Active from CLK HIGH 
DB Float to Active Delay from CLK HIGH 
HLDA Valid to CLK HIGH Setup Time 
Input Data from MEMR HIGH Hold Time 
Input Data to MEMR HIGH Setup Time 
Output Data to MEMR HIGH Hold Time 
Output Data Valid to MEMW HIGH 
DREQ to CLK LOW (SI, $4) Setup Time 
CLK to READY LOW Hold Time 


wil O 
ee ee) 


=) 
wn 


TEAAB 





=) 
ve) 


TEAC 


> 


TFADB 


— 


rn nn wn nn —nY n —n 


HS 
TIDH 
170 


—~ 


m 
g 
G1 oO 


Tips 


TODH S 






125 


=) 
n 


TopDVv 


Qs 
TRH 


+ 


n 


No 
© 
vA) 


n 


nm 


— 
© 
Va) 





050489 


MIPU85-262 


TOSHIBA TMP8237A 


Active Cycle (3/3) 


Tis _[RABYIwCIRLOWsewpTine SiC = 
Franc [ADSTBHIGH rom CLKHIGH DelayTime |= | 30] os 
[srr [ADSTOLOW rom CIKHIGHDeleyTine [|= | 90] os 
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8.3.2 Program Condition (Idle Cycle) (Notes : 2,8 and 9) 
Ta =0°C to 70°C, Vcc = 5V £5%, V5 = OV 


[ia [AbRalaorStowreReADIOW SiS | 

| Taw | ADR Valid or WRITE HIGH Setup Time fe eO. i ens) 

Tow CS LOW to WRITE HIGH Setup Time faa). 1}. ee as. | 

Cow [Ostevala WATE HGH setuptine | 190] — [we 
S 


TRA ADR or CS Hold from READ HIGH n 


| TRDE Data Access from READ LOW 














a0 
pS 
oO 


me) 
rv) 


a) 


Wn 2) rn 2) 2) -< Ww i?) 







Trw READ pulse width 200 
ADR from WRITE HIGH Hold Time 
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~S 
© 


Nn 
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8.4 CAPACITY 
Ta = 25°C, Vcc - GND = 0V 


C Input Capacitance 
I/O Capacitance 
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Note 1: 
Note 2: 


Note 3: 


Note 4: 


Note 5: 
Note 6: 
Note 7: 


Note 8: 


Note 9: 


Notel0: 


TMP8237A 


Typ. value is that when rated voltage is applied at Ta=25°C. 


Test conditions; a) Unless otherwise specified, timing defining signal 
voltages are; 
Input High level=2.4V, Low level=0.45V 
Output High level=2.0V, Low level =0.8V 


b) Unless otherwise specified, 1 x TTL gate and 150pF 
load are provided to output. 


Normal write pulse width is TCY—100 ns. Extension write pulse width 
is 2TCY —100 ns. Read pulse width is 2TCY-50 ns, and compressed read 
pulse width is TCY —50 ns. 


TDQ is measured at two different high levels. 

TDQ1=2.0V, TDQ2=3.3V 

It is necessary to keep DREQ active until DACK is received. 

Both low active and high active level ae available for DREQ and DACK. 


Output load of the data bus are provided with 1XTTL gate and 15 pF as 
the minimum value, and 1X TTL gate and 150 pF as the maximum value. 


Sucessive read or/and write operations by the MPU to program must be 
timed to allow at least 600ns for the TMP8237AP and at least 400ns for 
the TMP8237AP-5 as recovery time between active read or write pulses. 


Signal READ and WRITE are IOR and MEMW for the DMA operations 
from peripheral devices to the memory. In the DMA operations from the 
memory to peripheral devices, they are MEMR and IOW. 


When N state wait is added at.time of write to memory in the latter half 
of memory-to-memory transfer, this parameter increases by N (TCY) ata 
time. 


MPU85-264 


TOSHIBA TMP8237A 


9. TIMING DIAGRAM 


TWA 
Ao~ Aa KOO INPUT VALID. | RRR 
Tow 
DBO~DB7 KONE INPUT VALID ARAN 
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Timing Diagram 1 Program Condition Write Timing 
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Timing Diagram 2 Program Condition Read Cycle 
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Timing Diagram 3 Active Cycle 
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CLK 


ADSTB 


Ao~A7 








CLK 
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Timing Diagram 4 Memory-to-Memory Transfer 
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Timing Diagram 5 Compressed Transfer 
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Timing Diagram 6 Ready Timing 
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Timing Diagram 7 Reset Timing 
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10. EXTERNAL DIMENSION VIEW (PLASTIC PACKAGE) 
DIP40-P-600 


O-~ 15° 





13.4+0.2 








| 200202 | 


N Mm 
So 
+1 


hae Oe 





L22.E¥P 


3 
MIN}}3.5 
4.5 
3.5+03 


0.54 


270289 


Note: Each pitch is 2.54mm, and all the leads are located within +0.25mm from their theoretical 
positions with respect to No.1 and No.40 leads. 
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EXAMPLE OF APPLICATION CIRCUIT 


The connecting method of the TMP82387A and MPU is shown in Figure 11.1. 

The multimode DMA controller outputs a hold request whenever valid DMA request 
is produced from peripheral device. When MPU answers by the hold acknowledge 
signal, the TMP8237A receives the contorl right of the address bus, data bus, and control 
bus. In the first transfer, address (the least significant 8 bits of the address bits and the 
most significant 8 bits on the data bus) is output. 

The content of the data bus is latched by the 8-bit latch (TC74HC373P) to make the 
address bus complete. After execution of the first transfer, that latched data is updated 
only when carry or borrow is produced on the least significant address byte. 

When one TMP8237A is used, four DMA channels are provided. 


~~ ADDRESS BUS Ag~A15 





Ag~A5 











OE 
TC74HC373P 
E 


SBIT LATCH 


ay 


TMP8237A 
S 


ep ee 4 CONTROL 


BUS 





SYSTEM DATA BUS 
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Figure 11.1 Basic System Connection Diagram 
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Figure 11.2 shows the expansion method for number of DMA channels. It is possible 
to realize net 7 DMA channels by connecting the second TMP8237A to one of the DMA 
channels of the first TMP8287A. 

Two DMA chips commonly use the same 8-bit latch. Thus, any channel is used for 
expansion. 
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TC74HC373P 
OE LE 8BIT LATCH 


READY 
Acknowledge 


TMP8237A 


Address Bus 





Figure 11.2 Expansion of TMP8237A 
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PROGRAMMABLE KEYBOARD/DISPLAY INTERFACE 


TMP82C79P-2/TMP82C79M-2 


1. GENERAL DESCRIPTION 


The TMP82C79P-2/M-2 (hereinafter referred to as TMP82C79) is a programmable 


keyboard/display interface. The keyboard portion can provide a scanned interface up to 


64-contact key matrix. Also, the keyboard portion can interface to an array of sensors or 


a strobed interface keyboard. Key depressions can be 2-key lockout or N-key rollover. 
The display portion has 16 X8 bits display RAM which can be treated as dual 16 <4 bits. 
Both right entry and left entry display formats are possible. 


2. FEATURES 
e Simultaneous Keyboard Display operation. 
e Scanned Keyboard mode. 
e Scanned Sensor matrix mode. 
e Strobed Input Entry mode. 
e Built-in 8-Character FIFO or 64 bit Sensor RAM. 
e Programmable 2-key Lockout or N-key Rollover with contact debounce. 
e Built-in 16 X 8bit Display RAM 
e Programmable scan timing. 
e 


Extend operating temperature range —40 °C to +85 °C. 
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3. PIN CONNECTION 


RL2 Vcc 
RL3 RL4 
CLK RLo 
IRQ CNTL/ STB 
Rla SHIFT 
RLs5 Sls 
RLe6 SL2 
RL7 SLy 

RESET SLo 
RD OUT Bo 
WR OUT By 
DBo OUT B2 
DB OUT B3 
DB2 OUT Ao 
DB3 OUT Ay 
DBa OUT A2 
DBs OUT A3 
DBe BD 
DB7 cS 

Vss (GND) Ao 





Figure 3.1 Pin Connection 


4. BLOCK DIAGRAM 


FIFO/SENSOR RAM 
IRQ STATUS ; 


KEYBOARD 
DEBOUNCE 
AND 
CONTROL 
CIRCUIT 
















TMP82C79 
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SCNT STB 
ny aye nl 


ca RLo~RL7 





8x8 
Ag -~ FIFO / 
ce 1/0 SENSOR 
cs -—-— RAM 
RD ——> CONTROL 
WR-—-— 
TIMING 
: CONTROL AND 
TIMING 
DBo~7 ee alas <2 REGISTERS areal 
BUFFER e : 
Lu 
od 
RESET = 
CLK ~ 






16x8 
DISPLAY 
RAM 


Lt 


DISPLAY 
ADDRESS 
REGISTERS 


Figure 4.1 Block Diagram 


MPU85-273 


DISPLAY 





OUTBo-3 
OUTA 0-3 


Ly 


050489 


TOSHIBA | TMP82C79 


5. PIN NAMES AND PIN DESCRIPTION 


VSS (Power Supply) 
Gound 

VCC (Power Supply) 
+5V during operation 

DBo-DB7 (Input/Output) 


Bidirectional data bus. All data and commands are transferred via this data 
bus. 


CLK (Input) 
System Clock used to generate the TMP82C79 internal timing. 
RESET (Input) 


A high level signal on this pin resets the TMP82C79. After being reset the 
TMP82C79 is placed in the following state. 
(1)16 X8 bit character display, left entry. 
(2)Encode scan keyboard, 2 key lockout, clock pre-scale value is set to 31. 


S (Input) 


A low level input on this pin enables RD and WR communication between the 
MPU and the TMP82C79. 


Ag (Input) 


This input acts in conjunction with the CS, WR and RD pins. A high level on 
this pin indicates the signals on data bus are interpreted as command or status. A 
low level indicates they are data in the RAMs. 


WR (Input) 


A low level input on this pin when CS is low enables the TMP82C79 to accept 
command or data from the MPU. 


RD (Input) 


A low level input on this pin when CS is low enables the TMP82C79 to output 
data or status onto the data bus. 
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e IRQ (Output) 





Interrupt request output. In keyboard mode, the interrupt line is high when the 
FIFO/Sensor RAM has effective data. The interrupt line goes low when each 
FIFO/Sensor RAM is read and returns high if the RAM still has effective data. In | 
sensor matrix mode, the interrupt line goes high whenever any change in the | 
sensor matrix is detected. 


e SLo-SL3 (Output) 


Scan lines which are used to scan the key switch or sensor matrix and the 
display digits. These lines can be either encoded (1 of 16) or decoded (1 of 4). 


e RLo-RL7 Unput) 





Return lines which are connected to the scan lines through the key or sensor 
switches. Each line has an internal pullup to keep it high until a switch closure 
pulls it low. They also serve as an 8-bit input in Strobed Input mode. 


@ SHIFT (input) 


This input status is stored in the FIFO RAM in addition to the information of | 
the key position on key closure in Scanned key board modes. It has an internal 


pullup to keep it high until a switch closure pulls it low. 

® CNTL/STB (Input) , 
For Keyboard modes this line is used as a control input and stored like status on 

a key closure. This can be also programmed as the strobe line that enters the data 


into FIFO in Strobed Input mode (Rising Edge). It has an internal pullup to keep it 
high until a switch closure pulls it low. 


OUTA,9-OUTAS (Output) 
OUTBop-OUTBs3 (Output) 





These two ports are the outputs for the 164 display refresh registers. The 
data from these outputs is updated synchronized with the scan lines (SLg-SL3) for 
multiplexed digit displays. The two 4 bit ports may be blanked independently. 
These two ports may also be treated as one 8-bit port. 


e BD (Output) 
This output is used to blank the display during digit switching or by a display 
blanking command. 
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6.2 


6.3 


6.4 


FUNCTIONAL DESCRIPTION 
I/O CONTROL AND DATA BUS BUFFER 


The I/O control section uses the CS, Ag, RD and WR lines and controls the flow of data 
to and from the various internal registers and buffers in the TMP82C79. CS input 
enables the all data flow to and from the TMP82C79. The character of the information 
given by the MPU, is identified by Ag. 

RD and WR decide the direction of data flow through the data bus buffer. The data 
bus buffer is bidirectional buffer which is used for connecting the internal bus and a 
system bus. When CS is high, the buffer is in a high impedance state. 


CONTROL REGISTER, TIMING REGISTER AND TIMING CONTROL CIRCUIT 


Keyboard and display modes and the other operating conditions are programmed by 
the MPU. These modes are latched at the rising edge of WR when Ag is high. The 
timing control contains the basic counter chains. The first counter is the 1/N prescaler 
that can be programmed to yield an basic internal frequncy. In case of 100kHz basic 
internal frequency, it gives a 5.1 ms keyboard scan time and a 10.3 ms debounce time. 
The other counters divide down the basic internal frequency to provide the proper key 
scan, row scan, keyboard matrix scan and display scan timings. 


SCAN COUNTER 


Two modes are available for the scan counter. In the encode mode, the counter 
provides a binary count that must be externally decoded to provide the scan lines for the 
key board and display. In the decode mode, the scan counter decodes the least 
significant 2 bits internally and provides a decoded 1 of 4 scan. Note that the only first 4 
characters in the Display RAM are outputted from OUTAg_3 and OUTBo_3 in the 
decode mode. 


RETURN BUFFER AND KEYBOARD DEVOUNCE CONTROL CIRCUIT 


The 8 return lines are latched onto the return line buffer. In the Keyboard mode, 
these lines are scanned to look for key closures in a row. If the debounce circuit detects a 
closed switch, it waits about *10 ms, and checks if the switch remains closed. If it does 
so, the address of the switch and the status of SHIFT and CNTL lines is transferred to 
the FIFO. | 

In the scanned Sensor Matrix Modes, the contents of the return lines are directly 
transferred to the corresponding row of the sensor RAM (FIFO) each scan time. 

In the Strobed Input Mode, the contents of the return lines are transferred to the 
FIFO on the rising edge of the CNTL/STB line pulse. 
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6.5 


6.6 


FIFO/SENSOR RAM AND FIFO/SENSER RAM STATUS 


The FIFO/Sensor RAM is a dual function RAM. In the keyboard mode or In the 
Strobe Input mode, this RAM serves as a FIFO. The FIFO status shows whether the 
FIFO is empty or full and keeps the number of characters in the FIFO. In addition, there 
is a flag to show an error in the case where too many reads or writes is recognized. The 
FIFO status can be read at CO=RD=0, Ag=1. The FIFO status logic provides an IRQ 
signal when the FIFO is not empty. In the scanned sensor matrix mode, the RAM serves 
as a sensor RAM. IRQ becomes high when a change in the sensor is detected. 


DISPLAY ADDRESS REGISTERS AND DISPLAY RAM 


The display address registers hold the address of the word currently being written or 
read by the MPU and the two 4 bit nibbles being displayed. The Display RAM stores 
data for display outputs. The read/write addresses are programmed by the MPU 
command. They also can be programmed to autoincrement after read or write. The 
Display RAM can be directry read out by the MPU after mode and address is set. The A 
and B nibbles of the Display RAM are outputted to the Display Output A and B 
synchronously with scan signals (SLo-SL3). The A and B nibbles can be entered 
independently or as one word by the MPU command. 

* Jn case of 100kHz basic internal frequency 
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7. COMMAND DESCRIPTION 
7.1. KEYBOARD/DISPLAY MODE SET 
DB7 DBge DBs DBg DB3 #4=xDB2 ~~ DB; DBo 


po }ofofotyojyKyi kik 


Display Mode 


jo. 8 x 8 bit character display-Left entry * 
10) 8x8 bit character display-Right entry 


Encoded Scan Keyboard-2-Key Lockout 











Decoded Scan Keyboard-2-Key Lockout 


Encoded Scan Keyboard-N-Key Rollover 


i 

ae 
1 | 7 | Decoded Scan Keyboard-N-Key 
. Rollover 


* Default after Reset 
1 | Decoded Scan Sensor Matrix 


joo) Encoded Scan Sensor Matrix 


1] 0) Strobed Input, Encoded Display Scan 


1 Strobed Input, Decoded Display Scan 
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7.2 PROGRAM CLOCK 


DB7 DBs DBs DBqg DB3 DB2 DB, ~ DBg 


The TMP82C79 generates all timing and multiplexing signals by means of the 
internal prescaler. The prescaler generates internal reference clocks by dividing an 
external supply clock by a programmable value PPPPP. Any number from 2 to 31 can be 
set as a prescaler value. When this value is set to 0 or 1, it is interpreted to be 2. If the 
internal reference clock is set to 100kHz, it is possible to obtain 5.1ms keyboard scan 
time and 10.3ms debounce time. The value PPPPP is set to 31 after reset, but cannot be 
changed by the Clear command. 
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7.3 


74 


ee, 


7.6 


READ FIFO/SENSOR RAM 
DB7 DBg DBs DBqg DB3 #3xDB2~ DB, DBo 


oft fo fat x | AL A | A | x=don'tcare sos 


If this command is written, the subsequent data reads are set up for the FIFO/Sensor 
RAM. Auto-increment flag (AI) and the RAM address bits AAA are valid only in Senser 
Matrix Mode. The address bits AAA select one of the 8 rows of the Sensor RAM. If 
Al=1, the RAM address is incremented after each successive read. The Auto-increment 
flag does not affect the auto-increment of the Display RAM. 


READ DISPLAY RAM 
DB7 DBg DBs DBqg DB3 #42xDB2~ DB; DBo 
poli tijata osoue 

If this command is written, the subsequent data reads are set up for the Display RAM. 
The address bits AAAA select one of the 16 rows of the Display RAM. If AI=1, the 
address is incremented after each read or write to the Display RAM. Since the same 
counter is used for both reading and writing, this command sets the next read or wirte 
address and the sense of the Auto-increment for both operation. 


WRITE DISPLAY RAM 
DB7 DBe DBs DBa DB3 DB2 DB; DBo 


If this command is written, the subsequent data writes are set up for the Display 
RAM. Note that writing this command does not switch the source of the subsequent 
data reads. The address register of the Display RAM is same for read/write operations. 
The addressing and Auto-increment function are identical to those for the Read Display 
RAM. 


DISPLAY WRITE INHIBIT/BLANKING 
DBy DBeg DB, DB3 DB> DB, DBo 


DBs . 
0 


The IWA or IWB bit can be used to mask A nibble or B nibble for entering the Display 
data independently. The BLA of BLB flag is available for the nibble A or B to blank the 
display. In the case where the Display Outputs are used as separate 4-bit display ports, 
the IWA or IWB bit is useful so as not to affect the other display port when the MPU 
writes a word to the display RAM. The BLA or BLB bit is used for blanking the display 
independently without giving any affect to the other 4-bit display port. The blank code 
is determined by the last Clear command that has been programmed after reset. If the 
Display Output is used as an 8-bit port, it is necessary to set both BLA and BLB bits for 
blnaking the display. Then BD signal becomes low. 
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DB7 DBge DBs DB4a DB3 DB2 DB; ~ DBo 


ff ft f Ft td 


A3 A2 AY Ao B3 Bo By Bo 


Correspondence between Display Output and Data Bus aa 


7.7 CLEAR 


DB7 DBg DBs DBag ODB3 #=DB2 DB, ~ DBo 


rit: fololololela 


The CD bits are used to clear all rows of the Display RAM to the following code shown 
below. 


(DB4) (DB3) (DB) 
cD cD cD 


1 0 x Biase All Zeros (X = Don't Care) 

1 1 Q -+:+ All Hex 20H (0010 0000) 

1 1 1 -++ All Ones 

0 x x not clear display if CA =0 

A Enable clear display when CD = 1 (or by CA = 1) 050489 


While the Display RAM is being cleared, it may not write to the Display RAM. The 
MSB bit of the FIFO status word is set during this time. If the CF bit is set to "1", the 
FIFO status is cleared and the interrupt request output (IRQ) is reset. Also, the Senser 
RAM pointer is set to the row 0. . 

The CA bit has the combined effect of the CD bit and CF bit. It enables clear display 
code to the Display RAM and also clears the FIFO status. Furthermore, it re- 
synchronizes the internal timing chains. 


7.8 END INTERRUPT/ERROR MODE SET 


DB7 DBg DBs DBa DB3 =DB2 DB; DBo 


Cope ttfetxtx[x le] Ptr se 


In the Sensor Matrix mode, this command loweres the IRQ line and enables writing to 
the sensor RAM. This means that a write to the Sensor RAM is inhibited when IRQ line 
is high. Ifthe E bit is set to"1", the S/E bit of the FIFO status becomes "1" when any one 
of the sensor switches is closed. IfE=0, the S/E bit is always "0". In the N-Key Rollover 
mode, if the E bit is programmed to "1", the Special Error mode will be resulted. 
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7.9 FIFOSTATUS 





DB7 DBs DBs DByg DB3 DB DB; DBo 


fetes Number of characters in FIFO 


FIFO Full 
Error-Underrun 
Error-Overrun 


Sensor Closure/Error Flag for 
Multiple Closures 


Display unavailable 050489 


Du : Indicates that the Display RAM was unavailable because a Clear Display or 
Clear All command has not completed its clearing operation. 


S/E : In a Sensor Matrix mode, if the E bit of End Interrupt/error mode set is 
programmed to "0", this S/E bit is set to indicate that at least one sensor 
closure indication is contained in the Sensor RAM. 

In Special Error Mode, this S/E bit is showing the error flag and serves as an 
indication to whether a simultaneous multiple closure error has occurred. 


O : indicates that the entry of another character into a full FIFO was attempted. 
indicates that the MPU tried to read an empty FIFO. 





F : indicates that the FIFO is full of the eight characters. 
NNN ~~: indicates number of characters in the FIFO when in the Keyboard Mode or in 
the Strobe Input Mode. 


Table 7.1 ADDRESSING 


[=] lm tm 
Pe fo [es | wom 
Pe fo fs fe | witeone 
Peps fe] | messemnod 
Pe [a [| wie common 


050489 
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tie tte nt re thet tenet py aera 


8. INTERFACE WITH KEYBOARD 
8.1 SCANNED KEYBOARD, 2-KEY LOCKOUT 


In this mode, if one key only is kept depressed during one debounce cycle (2 times of 
the key scan cycle), the key is recognized. When a key is depressed, the debounce logic is 
set and the other depressed keys are checked during the next two scan cycle. If none are 
encountered, it is a single key depression and the key position is entered into the FIFO 
along with the status of CNTL and SHIFT lines. If another depressed key are 
encountered, operates as follows. 


KEY 1 





<_ 
KEY2 Se eer ag ere ea eee a ree eee 


eee: aie) aie: i aire 
4 A A | 050489 


Figure 8.1 Example of a Case Where a First Depressed 
Key is Continuously Kept to the Last 


ee ee 
EY 


f t 
eg ae ee i 
‘ f t A -+++ Debounce logic is set 
{ ‘+++ Entered to FIFO 050489 


Figure 8.2 Example of a Case Where all Depressed Keys are Ignored 


As shown in Figure 8.1 if all the other keys are released before the first depressed © 
key, the first depressed key is recognized. As shown in Figure 8.2 if the first depressed 
key is released within one debounce cycle after the other keys was released, then all 
keys are ignored. | 


a ciataaaiaianaeaneemanattemeaetaemanetnieiatematantaamaeamramaetnmme 
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8.2 


8.3 


8.4 


ae ements N tal eer ee teeAAt NR  — PRERRRIP TEE er PPTEPAAAP SE eee NPN SP 


SCANNED KEYBOARD, N-KEY ROLLOVER 


In this mode, each key depression is independently treated from all others. In the 2- 
key lockout mode, if a key is depressed, the debounce logic is set. If the other keys are 
depressed within one debounce cycle after it, the debounce logic is set again. The first 
depressed key is ignored. In the N-key Rollover mode, if a key is depressed waits one 
debounce cycle and then checks of the key is still down. If it is, the key is entered into 
the FIFO even of other keys are depressed. 







KEY 1 


i 1 DEBOUNCE CYCLE 


OU ee gee 
t 


KEY3 


i 1 DEBOUNCE CYCLE 
<—————— 
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Figure 8.3 Example of 3 Keys Being Pushed Simultaneously 


In the example as shown in Figure 8.3 the debounce circuit starts by Key 1, and 
checks if the key is still down after one debounce cycle. If itis, Key 1 is recognized and 
Key 2 is ignored not to be depressed for one debounce cycle. 


SPECIAL ERROR MODE (N-KEY ROLLOVER) 


This mode is set if the E bit of the End interrupt/error mode set command is 
programmed to "1". In the normal N-Key Rollover Mode, the key information is entered 
to the FIFO according to the key scan timing even if a simultaneous multiple depression 
occures during one debounce cycle. In the Special Error Mode, if a simultaneous 
multiple depression occurs during one debounce cycle, sets the error falg (the S/E bit of 
the FIFO status word) to"1". This flag prevents any further writing into the FIFO and 
will set interrupt request (IRQ). The S/E bit is cleared if the normal Clear command is 
written with CF=1. 


SENSOR MATRIX MODE 


In Sensor Matrix Mode, the debounce circuit does not operate. The status of the 
sensor switch is inputted directly to the Sensor RAM. The MPU can only know a 
validated closure in the keyboard mode, however this mode has such advantage that the 
CPU knows how long the sensor was closed and when it was released. If there is any 
change in the sensor value at the end of the sensor matrix scan, the IRQ line goes high. 
The IRQ line is cleared by the first data read if the Auto-increment flag is "0" or by the 
End Interrupt/error mode set command if AI=1. 
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8.5 


9.2 


9.3 


STROBE INPUT MODE 


In Strobe Input Mode, the debounce circuit does not operate. The data is inputted into 
the FIFO from the return lines at the rising edge of CNTL/STB Signal. When the data is 
entered into the FIFO, the IRQ line goes high. The functions of the FIFO and the FIFO 
status in this mode are same as those in the keyboard mode. 


DATA FORMAT 
KEYBOARD MODE 


DB7 DBge DBs DBqg DB3 =DB2 DB; = DBo 
CNTL | SHIFT SCAN RETURN 050489 


In this mode, the Data Format of the character entered into the FIFO is as follows. 
The MSB is the status of CNTL/STB line and the next MSB shows the status of SHIFT 
line. The next three bits are from the scan counter and indicate the row the key was 
found in. The last three bits are from the column counter and indicate to which return 
line the key was connected. 


SENSOR MATRIX MODE 


DB7 DBg DBs DBqg DB3 £4xDB2 _~ DB; 


In this ode the data on return lines is inputted in the row of the Sensor RAM in 
order according to the scan. The data is entered even if there is no change in the status 
of the sensor matrix switches. Each switch position maps to a Sensor RAM position. 
CNTL and SHIFT signals are ignored. 


STROBE INPUT MODE 


DB7 DBgé DBs DBag DB3 DB? DB 
Pace 050489 


In this mode, the data on return lines is entered into FIFO at the rising edge of 
CNTL/STB signal. 
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10. 


INTERFACE WITH DISPLAY 


10.1 LEFT ENTRY 


In Left Entry mode, address 0 of the Display RAM is the left-most side of the display 
and address 15 (address 7 in the case of 8-character display) is the right-most side. when 
characters are inputted onto the display RAM with the auto increment mode from 
address 0 of the display RAM, Characters are filled from the left-most position of the 
display. The 17th (or 9th) character is placed in the left-most position again. Address of 
the display RAM corresponds directly to each display positon of the display, and so its 
position does not change every entry. 


< Display RAM Address — 


a 14 15 ee a ee eee: 
ae a ae eens RE Os ee oe 


B22 oe tes 14 Command 
leth entry [1 rae poe ame. foe ats entry BDC a ee se ag 
(10010101) Entry from Address 5 with Auto 
increment mode. 


0 1 14 15 0 1 2 3 4 5 6 7 

ith enty GIT TesTis] adeney CPZ TP 1 et 1 
ee Seen 14 

isthenty TITS Te] athentey COT a 
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10.2 RIGHT ENTRY 


In Right Entry, the first entry is from the right-most position. Address of the Display 
RAM does not correspond to the display position. 


< Display RAM Address —> 
a ee a ee ae ee 
Wspenty. [ole Te a a stent 


2 3 15 QO 1 2 3 4 5 6 7 0 1 
andentry CD tT?) ondentry (2 TP PP tp 
302 ee 0 i 2 Command 
aidenty (fy ee fe Write ic 


(10010101) Right entry from Address 5 with Auto- 
increment mode 


Ges =] 13°14 «15 Soe OD Ne 
tethentryy (1 [2 [Paap as [16] ardenty [ T T3s] [ Ttt2T 
14 ee SS’ me (a 

Matta. ea eee eae ee 


4 


DOL 2 Ws Ohl 2. - 
| 18th entry ase ei oen a Sthentry [3 sells 


4 


6 7 0 1 2 3 5 
cthentry [aTs Tele] 1 1 13) 


7 a ee ey A 
lothentry | 8 | 9 [10{ 3 | 4 [5] 6 {7 | 


2 


3 4 5 6 z 0 1 
ithentry [9 ]i[Mp4[slel7 18 
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11. ELECTRIC CHARACTERISTICS 
11.1 ABSOLUTE MAXIMUM RATINGS 


Vic VCC Supply Voltage (with respect to VSS (GND) ) | 050470 | Vv 
VIN Input Voltage (with respect to VSS (GND) ) | -O.Stovec+05 | Vo 
Vout Output Voltage (with respect to VSS (GND) ) 


oo lene bear ss 


Tsol Soldering Temperature (soldering time 10 sec) 


Storage Temperature -65to +150 
Operating Temperature -A0to +85 


11.2 D.C. ELECTRICAL CHARACTERISTICS 
(Ta= -40 to +85 °C, Vec =5V 410%, Vss (GND) =0V) 


ef 
we ees | 
CE ee ae 
ae 


Output Low Voltage lOL=2.2mA 
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Output High Voltage IOH = -400pA 
Output High Voltage IOH =-100pA 


VIN =VCC 
Input 1LEAK Current 
Mu (SHIFT CNT Rigkisy eee! 
VIN =0V 
Input Leak Current <VIN< 


Output Leak Current | 0.45VS VOUTS VCC 


0 VIH = VCC-0.2V 
| perating Supply VIL =0.2V 
ce Current ee SMHz 
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11.3. INPUT CAPACITY 


SYMBOL PARAMETER CONDITION Se UNIT 


Pen. ‘input Capcity —_ Capcity fo = 1MHz Unmeasured Pins 
050489 


11.4 A.C. ELECTRICAL CHARACTERISTICS 
= —-A40to + 85°C, VCC = oF OV + 10%, VSS (GND) = OV 


Trawn[ rman [om [Fe [mn] 
Address Set up Time (RD) | 1 | — | - | os | 
— Address Hold Time (RD) 
tee [RD Pulse width 
fe [vt Sata (RD) es 
Address to Valid Data | = | 




















Data Floating (RD) 


Read cycle Time 200 
Address Set up Time (WR) a | 


Address t Hold Time (WR) 
WR Pulse Width 





Data Set up Time (WR) 

Data Hold Time (WR) | 

Per | Write Cycle Time : 
CLK Pulse Width of. High Level | 80 | 


CLK Pulse Width of Low Level 
btcy | Clock Period 200 


*TEST CONDITION CL = 150pF 
11.4.1 AC TEST CONDITION 





050489 


D.U.T 
CL = 150pF 
050489 


HH 


11.4.2 ACTEST INPUT WAVEFORM 


2.4 


. TEST ae 
POINT 
0.45 0.8 050489 
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12. TIMING DIAGRAM 


moc XK 


tAR trcy 


acer 
tRR tRA 
RD 
__trp tbe 
tad 
DBop~DB7 -~--—e-e— e-em eee ee 
050489 
Figure 12.1 READ TIMING 
Ao, cs 
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Figure 12.2 WRITE TIMING 





tcy 
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Figure 12.3 CLOCK TIMING 
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ENCODED 


SCAN 
SL2 | | | | | 
SL3 | | | 


DECODED 


SCAN 
SL2 | ; | | | | | | | 
; L3 | | | : | =o, | | _| 050489 


figure 12.4 scan timing 


PRESCALER PROGRAMMED FOR INTERNAL 
~«<—--— 640ys = 64tcye ————--»|_ FREQUENCY = 100 KHz SO tcyc = 10ps 


SLo 


SL4 Fs 






OUTA0.3 CODE 
*BLANK CODE IS EITHER 00H 
| OR FFH OR 20H 
OUTBo-3 O 
BD 
noRty [Re] Re] Ra] RRR] Ra Rol Ra Raa 






CONDITIONAL WRITE TO FIFO RETURN LINES ARE SAMPLED ONE AT A TIME AS SHOWN 
RLo SELECTED LATCHED 


Note: SHOWN IS ENCODED SCAN LEFT ENTRY 


SL2-SL3 ARE NOT SHOWN BUT THEY ARE SIMPLY SL} DIVIDED BY 2 AND 4 ees 


figure 12.5 example of display timing 
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13. EXAMPLE OF APPLICATION CIRCUIT 





SHIFT 


a on 


SHIFT CNTL RLo~7 


KEYBOARD MATRIX 







8 COLUMNS 






DATA BUS 


CONTROL 





WONON®O US 4 


ADDRESS 


= 
Ww 
ke 
Yn 
> 
n 
log 
© 
n 
Va) 
Ww 
UO 
O 
ac 
oO. 
© 
oc 
YU 
= 


CLOCK 





) 





DISPLAY DATA 


DISPLAY 
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Figure 13.1 EXAMPLE OF APPLICATION CIRCUIT 
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14. EXTERNAL DIMENSION 
14.1 40PIN DIP EXTERNAL DIMENSION 
DIP40-P-600 




















tn 
40 ZA § 
on] 
. 
© 
+1 
mS! 
ine) 
1 20 
50.7+0.2 
| | CL ey 
Qo 
+i +) 
ye es 
2 oO 
_ +1 
= wn 
ae ~ 
1.22TYP 
LD J 0.25 (V)] © 
2.54 : 
050489 
Note: Each lead pitch is 2.4mm, and all the leads are located within £0.25mm 


from their theoritical positions with respect to No.1 and No.40 leads. 
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14.2 40PIN SOP EXTERNAL DIMENSION 
SSOP40-P-450 











Unit : mm 
40 21 
AOU HOU UO GO 2 
enamenanenanenanasonenansnanensnenanans 
BReeneseesSesaesseseeeesesseeeseussaksee pe 
N ioe] - 
co} © = 
+i 7 Ee 
col 6 oS 
ee) - = 
a LN = 
TOUDMUOUUDUOoUUUdUdUUo 
WOOO OOOBRBBOAOVUoOuo gg 
WOU UWWUUUU UU UU UU Uo 
1 20 
1.15TYP eee 1.15TYP 
Bf 0.16 W 
| 17.5+0.2 
lo.1] 
050489 


Note : Package Width and Length do not include Mold Protrusions. 
Allowable Mold Protrusion is 0.15mm. 
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PROGRAMMABLE KEYBOARD/DISPLAY INTERFACE 


TMP8279P-5 


1. GENERAL DESCRIPTION 


The TMP8279P-5 (hereinafter referred to as TMP8279) is a programmable 


keyboard/display interface designed for use as the TLCS-85A microcomputer peripheral. 


The keyboard portion can provide a scanned interface to a 64-contact key matrix. Also, 


the keyboard portion can interface to an array of sensors or a strobed interface keyboard. 


Key depressions can be 2-key lockout or N-key rollover. The display portion has 168 
bits display RAM which can be treated as dual 164 bits. Both right entry and left 
entry display formats are possible. 


2. FEATURES 


Simulataneous Keyboard/Display operation is possible 

Scanned Keyboard mode. 

Scanned Sensor Matrix mode. 

Strobed Input Entry mode. 

Buil in 8-character FIFO or 64 bit Sensor RAM 

Programmable 2 Key Lockout or N-key Rollover with contact Debounce. 
Built in 16 X8 bit display RAM. 

Programmable scan timing 


Compatible with INTEL 8279-5. 
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3. PIN CONNECTION 











Rilo 4 Vec 

Rae 2 RL4 

CLK 13 RLo 

IRQ 4 CNTL/STB 

RlLa Q5 SHIFT 

Rls U6 SL3 

RlLe 07 SL2 

RL7 08 SLy 
RESET b>. “aiyipe279 Lo 

RD 1110 31 OUT Bo 

WR (11 OUT By 

DBo 12 OUT B2 

DB; 013 OUT B3 

DB> 014 OUT Ao 

DB3 015 OUT A; 

DB4 [116 OUT A? 

DBs 017 OUT A3 

DBs 018 BD 

DB7 0.19 cs 

Vss 4 20 Ao 050489 | 


Figure 3.1. Pin Connection | 


4. BLOCK DIAGRAM 


KEYBOARD SSS HIFT 


| 
DEBOUNCE RE- |<——— CNTL/STB | 
FIFO/ AND TURN | 


IRQ ~4 SENSOR RAM CONTROL cn RLo~RL7 
STATUS one CIRCUIT 3 
8x8 
LO —- FIFO/ 
CS ae /0 SENSOR RAM 












Sipe Sis 
RD we | (CONTROL 
WR wn 
> 
jaa) 
i CONTROL 
BUFFER : REGISTERS CIRCUIT 
z 
RESET 
CLK 






16x8 
DISPLAY 
RAM 


DISPLAY 
ADDRESS 
REGISTERS 


8 
PE eee 
OUTB9~OUTB3 
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Figure 4.1 Block Diagram 
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5. PIN NAME AND PIN DESCRIPTION 


VSS (Power Supply) 

Ground 

VCC (Power Supply) - 

+5V during operaiton 

DBo~DB7 (Unput/Output) 

Bidirecitonal Data Bus. All data and commands are transfered via this data his 
CLK (Input) 

System clock used to generate the TMP8279 internal timing. 

RESET (Input) 


A high level signal on this pin resets the TMP8279. After being reset the 
TMP8279 is placed in the following state. 


(1) 168 bit character display, left entry. 
(2) Encode scan keyboard, 2 key lockout, clock pre-scale value is set to 31. 
CS (Input) 


A low level input on this pin enables RD and WR communication between the 
MPU and the TMP8279. 


Ao (Input) 


This inputs acts in conjunction with the CS, WR and RD pins. A high level 
input on this pin indicates the signals on data bus are interpreted as command or 
status. A low level input indicates they are data in the RAMs. 


WR (Input) 


A low level input on this pin when CS is low enables the TMP8279 to accept 
command or data from the MPU. 


RD (Input) 


A low level input on this pin when CS is low enables the TMP8279 to output 
data or status onto the bus. 
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IRQ (Output) 


Interrupt request output. In a keyboard mode, the interrupt line is high when 
the FIFO/Sensor RAM has effective data. The interrupt line goes low when each 
FIFO/Sensor RAM read and returns high if the RAM still has effective data. In 
sensor matrix mode, the interrupt line goes high whenever any change in the 
sensor matrix is detected. 


SLo~SL3 (Output) 


Scan lines which are used to scan the key switch or the sensor matrix and the 
display digits. These lines can be either encoded (1 of 16) of decode (1 of 4). 


RLo~RL7 Unput) 


Return lines which are connected to the scan lines through the keys or sensor 
switches. Each line has an internal pullup to keen “* high until a switch closure 
pulls it low. They also serve as an 8-bit input in Strobed Input mode. 


SHIFT (Input) 


This input status is stored in the FIFO RAM in addition to information of the 
key position on key closure in Scannned key board modes. It has an internal 
pullup to keep it high until a switch closure pulls it low. 


CNTL/STB (Input) 


For Keyboard modes this line is used as a control input and stored like status on 
a key closure. This can be programmed as the strobe line that enters the data into 
FIFO in Strobed Input mode (Rising Edge). It has an internal pullup to keep it 
high until a switch closure pulls it low. 


OUTA j~OUTAsS (Output) 
OUTBo~OUTBs (Output) 


These two ports are the outputs for the 16 X4 display refresh registers. The data 
from these outputs is updated synchronized with the scan lines (SLg~SL3) for 
multiplexed digit displays. The two 4 bit ports may be blanked independently. 
These two ports may also be treated as one 8-bit port. 


BD (Output) 


This output is used to blank the display during digit switching or by a display 
blanking command. 
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6.2 


6.3 


6.4 


FUNCTIONAL DESCRIPTION 
I/O CONTROL AND DATA BUS BUFFER 


The I/O control section uses the CS, Ag, RD and WR lines and controls the flow of data 
to and from the various internal registers and buffers in the TMP8279. CS input enables 
the all data flow to and from the TMP8279. The character of the information given by 
the MPU, is identified by Aj. RD and WR decide the direction of data flow through the 
data bus buffer. The data bus buffer is bidirectional buffer which is used for connecting 
the internal bus and a system bus. When CS is high, the buffer is in a high impedance 
state. 


CONTORL REGISTER, TIMING REGISTER AND TIMING CONTROL CIRCUIT 


The keyboard and display modes or the other operating conditions are programmed 
by the MPU. These modes are latched at the rising edge of WR when Ag is high. The 
timing control contains the basic counter chains. The first counter is the 1/N prescaler 
that can be programmed to yield an basic internal frequency which gives a 5.1ms 
keyboard scan time and a 10.8ms debounce time. The other counters divide down the 
basic internal frequency to provide the proper keyboard matrix scan and display scan 
timings. 


SCAN COUNTER 


Two modes are available for the scan counter. In the encode mode, the counter 
provides a binary count that must be externally decoded to provide the scan lines for the 
key board and display. In the decode mode, the scan counter decodes the least 
significant 2 bits internally and provides a decoded 1 of 4 scan. Note that the only first 4 
characters in the Display RAM are outputted from OUTAp.3 and OUTBo.3 in the decode 
mode. 


RETURN BUFFER AND KEYBOARD DEVOUNCE CONTROL CIRCUITS 


The 8 return lines are latched onto the return line buffer. In the Keyboard mode, 
these lines are scanned to look for key closures in a row. If the debounce circuit detects a 
closed switch, it waits about 10ms*, and checks if the switch remains closed. If it does so, 
the address of the switch and the status of SHIFT and CNTL lines is transferred to the 
FIFO. 
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6.5 


6.6 


FIFO/SENSOR RAM AND FIFO/SENSOR RAM STATUS 


The FIFO/Sensor RAM is a dual funciton RAM. In the keyboard mode or in the 
Strobe Input mode, this RAM serves as a FIFO. The FIFO status shows whether the 
FIFO is empty or full and keeps the number of characters in the FIFO. In addiiton, there 
is a flag to show an error in the case where too many reads or writes is recognized. The 
FIFO status can be read at COS=RD=0, Ag=1. The FIFO status logic provides an IRQ 
signal when the FIFO is not empty. In the scanned sensor matrix mode, the RAM serves 
as a Sensor RAM. IRQ becomes high when a change in the sensor is detected. 


DISPLAY ADDRESS REGISTERS AND DISPLAY RAM 


The display address registers hold the address of the word currently being written or 
read by the MPU and the two 4 bit nibbles being displayed. The Display RAM stores 
data for display outputs. The read/write addresses are programmed by the MPU 
command. They also can be programmed to auto-increment after read or wirte. The 
Display RAM can be directy read out by the MPU after mode and address is set. The A 
and B nibbles of the Display RAM are outputted to the Display Outputs A and B 
syncronously with scan signals (SLo~SL3). The A and B nibbles can be entered 
independently or as one word by the MPU command. 


* In case of 100KHz basic internal frequency. 
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7. COMMAND DESCRIPTION 
7.1. KEYBOARD/DISPLAY MODE SET 


DB7 DBg DBs DBag DB3 =DB2 DB, = DBo 


LO OG | eB Be Ke ey 
Display Mode Keyboard Mode 
8 x 8 bit character display - - Encoded Scan Keyboard — 
Left entry | 2-Key Lockout 
7 1 16x 8 bit character display — 1 Decoded Scan Keyboard - 
Left entry 2-Key Lockout 
1 8 x 8 bit character display — 1 Encoded Scan Keyboard - 
Right entry N-Key Rollover 


* Default after reset 


7.2 PROGRAM CLOCK 


DB7 DBg DBs DB4g DB3 £4DB2 DB; ~ = DBo 


The TMP8279 generates all timing and multiplexing signals by means of the internal 
prescaler. The prescaler generates internal reference clocks by dividing an external 
supply clock by a programmable value PPPPP. Any number from 2 to 31 can be set asa 
prescaler value. When this value is set to 0 or 1, itis interpreted to be 2. If the internal 
reference clock is set to 100kHz, it is possible to obtain 5.1ms keyboard scan time and 
10.3ms debounce time. The value PPPPP is set to 31 after reset, but cannot be changed 
by the Clear command. 
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7.3. READ FIFO/SENSOR RAM 


DB7 DBe DBs DBa DB3 DB2 DB; ~~ DBo 


If this command is writen, the subsequent data reads are set up for the FIFO/Sensor 
RAM. Auto-increment flag (AI) and the RAM address bits AAA are valid only in Sensor 
Matrix Mode. The address bits AAA select one of the 8 rows of the Sensor RAM. If 
Al=1, the RAM address is incremented after each successive read. The Auto- 
incremented flag does not affect the auto-increment of the Display RAM. 


7.4 READ DISPLAY RAM 


DB7 DBg DBs DBqg DB3 #42xDB2~ DB; DBo 


If this command is written, the subsequent data reads are set up for the Display RAM. 
The address bits AAAA select one of the 16 rows of the Display RAM. If AI=1, the 
address is incremented after each read or write to the Display RAM. This command sets 
the next read or write address and the sense of the Auto-increment. 


7.5 WRITE DISPLAY RAM 


DB7 DBe DBs DBa DB3 4=DB2 DB; = DBo 


r+ fololatalalala si 


If this command is written, the subsequent data writes are set up for the Display 
RAM. Note that writing this command does not switch the source of the subsequent 
data reads. The address register of the Display RAM is same for read/write operations. 
The addressing and Auto-increment funciton are identical to those for the Read Display 
RAM. 
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7.6 DISPLAY WRITE INHIBIT/BLANKING 


DB7 DBs DBs DByg DB3 DB> DB; DBg 


Pi fo [1 | x [wa [we [ata [ais } X=don'tcar _ 


The IWA or IWB bit can be used to mask A nibble or B nibble for entering the Display 
data independently. The BLA or BLB flag is available for the nibble A or B to blank the 
display. In the case where the Display Outputs are used as separate 4-bit display ports, 

_the IWA or IWB bit is useful so as not to affect the other display port when the MPU 
writes a word to the display RAM. The BLA or BLB bit is used for blanking the display 
independently without giving any affect to the other 4-bit display port. The blank code 
is determined by the last Clear command that has been programmed after reset. If the 
Display Output is used as an 8-bit port, it is necessary to set both BLA and BLB bits for 
blanking the display. The BD signal becomes low. 


DB7 DBs DBs DBg DB3 DB2 DB; DBo 


Yb ef Ft dd 


A3 A2 Aj Ao B3 B2 By Bo 


Correspondence between Display Output and Data Bus 050489 
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Ji) 


7.8 


CLEAR 


DB7 DBsge DBs DBqg DB3 #42DB2~ DB; DBo 


The Cp bits are used to clear all rows of the Dislay RAM to the following code shown 
below. 


(DB4) (DB3) (DB2) 


1 0 x - All Zeros (X = Don’t Care) 

1 1 0 *+++ All Hex 20H (0010 0000) 

1 1 1 - All Ones 

0 x x not clear display if Ca =0 

fo Enable clear display when Cp = 1 (or by Ca = 1) 050489 


While the Display RAM is being cleared, it may not write to the Display RAM. The 
MSB bit of the FIFO status word is set during this time. If the Cr bit is set to “1”, the 
FIFO status is cleared and the interrupt request output (IRQ) is reset. Also, the Sensor 
RAM pointer is set to the row 0. 

The Ca bit has the combined effect of the Cp bit and Cp bit. It enables clear display 
code to the Display RAM and also clears the FIFO status. Furthermore, it re- 
synchronizeds the inernal timing chains. 


END INTERRUPT/ERROR MODE SET 


DB7 DBge DBs DBa DB3 DB2 DB; ~ ODBo 


In the Sensor Matrix mode, this command loweres the IRQ line and enables writing to 
the Sensor RAM. This means that a write to the Sensor RAM is inhibited when IRQ line 
is high. Ifthe E bit is set to “1”, the S/E bit of the FIFO status becomes “1” when any one 
of the sensor switches is closed. If E=0, the S/E bit is always “O”. In the N-Key Rollover, 
if the E bit is progrmamed to “1”, the Special Error mode will be resulted. 
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FIFO STATUS 


Du 


She 


NNN : 


DB7 DBg DBs DBag DB3 DBz DB; DBo 


rou [selo[u[r[n[w[n_ 


as Number of characters in FIFO 


FIFO Full 

Error-Underrun 

Error-Overrun 

Sensor Closure/Error Flag for 
Multiple Closures 

Display unavailable 050489 


indicates that the Display RAM is unavailable because a Clear Display or 
Clear All command has not completed its clearing operation. 


in a Sensor Matrix mode, if the E bit of End Interrupt/Error Mode Set is 
programmed to “1”, this S/E bit is set to indicate that at least one sensor 
closure indication is contained in the Sensor RAM. 

In Special Error Mode, this S/E bit is showing the error flag and serves as an 
indication to whether a simulataneous multiple closure error has occured. 


indicates that the entry of another character into a full FIFO was attempted. 
indicates that the MPU tried to read an empty FIFO. 
indicates that the FIFO is full of the eight characters. 


indicate number of characters in the FIFO when in the Keyboard Mode or in 
the Strobe Input Mode. 


Table 7.1 Addressing 


|S [mo | | wR | Functions 


Read Data 
Write Data 
Read Status word 










Write Command word 
High-impedance state 
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8.2 


INTERFACE WITH KEYBOARD 
SCANNED KEYBOARD, 2-KEY LOCKOUT 


In this mode, if one key only is kept depressed during one debounce cycle (2 times of 
the key scan cycle), the key is recognized. When a key is depressed, the debounce logic is 
set and the other depressed keys are checked during the next two scan cycle. If none are 
encountered, it is a single key depressing and the key position is entered into the FIFO 
along with the status of CNTL and SHIFT lines. If another depressed key are 
encountered, operates as follows. 


KEY 1 





A A A 050489 


Figure 8.1 Example of a case where a first depressed 
key is continuously kept to the las 


t ‘ 
i eer eeidn © case Gener |! ele nics 
f t f 
A ..++ Debounce logic is set 
{ -+++ Entered to FIFO 050489 


Figure 8.2 Example of a case where all depressed keys are ignored 


As shown in Figure 8.1, if all the other keys are released before the first depressed 
key, the first depressed key is recognized. As shown in Figure 8.2, if the first depressed 
key is released within one debounce cycle after the other keys was released, than all 
keys are ignored. 


SCANNED KEYBOARD, N-KEY ROLLOVER 


In this mode, each key depression is independently treated from all others. In the 2- 
‘Key lockout mode, if a key is depressed, the debounce logic is set. If the other keys are 
depressed within one debounce cycle after it, the debounce logic is set again. The first 
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depressed key is ignored. In the N-key Rollover mode, if a key is depressed waits one 
debounce cycle and then checks if the key is still down. Ifit is, the key is entered into the 
FIFO even if other keys are depressed. 


eS a ee 


1DEBOUNCE CYCLE | 
Sn nnn atl 


acacia? aac (2 cena (S acaeeaaa 
t 


KEY 3 
t 1 DEBOUNCE CYCLE 
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Figure 8.3. Example of 3 keys being pushed simultaneously 


In the example as shown in Figure 8.3, the debounce circuit starts by Key 1, and 
checks if the key is still down after one debounce cycle. If it is, Key 1 is recognized and 
Key 2 is ignored not to be depressed for one debounce cycle. 


8.3. SPECIAL ERROR MODE (N-KEY ROLLOVER) 


This mode is set if the E bit of the End Interrupt/error Mode Set command is 
programmed to “1”. In the normal N-Key Rollover Mode, the key information is entered 
to the FIFO according to the key scan timing even if a simulataneous multiple 
depression occures during one debounce cycle. In the Special Error Mode, if a 
simulataneous multiple depression occurs during one debounce cycle, sets the error flag 
(the S/E bit of the FIFO status word) to “1”. This flag prevents any further writing into 
the FIFO and will set interrupt request IRQ). The S/E bit is cleared if the normal Clear 
command is written with Cr=1. 


8.4 SENSOR MATRIX MODE 


In Sensor Matrix Mode, the debounce circuit does not operate. The status of the 
sensor switch is inputted directly to the Sensor RAM. The MPU can know a validated 
closure in the keyboard, however this mode has such advantage that the MPU knows 
how long the sensor was closed and when it was released. 

If there is any change in the sensor value at the end of the sensor matrix scan, the 
IRQ line goes high. The IRQ line is cleared by the first data read if the Auto-increment 
flag is “O” or by the End Interrupt/Error Mode Set command if AI=1. 


8.5 STROBE INPUT MODE 


In Strobe Input Mode, the debounce circuit does not operate. The data is inputted into 
the FIFO from the return lines at the rising edge of CNTL/STB Signal. When the data is 
entered into the FIFO, the IRQ line goes high. 

The functions of the FIFO and the FIFO status in this mode are same as those in the 
keyboard mode. 
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9.2 


9.3 


DATA FORMAT 
KEYBOARD MODE 


DB7 DBg DBs DBa DB3 #2xDB2~ DB; DBo 
CNTL | SHIFT SCAN RETURN 050489 


In this mode, the Data Format of the character entered into the FIFO is as follows. 
The MSB is the status of CNTL/STB line and the next MSB shows the status of SHIFT 
line. The next three bits are from the scan counter and indicate the row the key was 
found in. The last three bits are from the column counter and indicate to which return 
line the key was connected. 


SENSOR MATRIX MODE 


DB7 DBe DBs DBaga DB3 #£4xDB2~_ DB, DBo 


In this mode, the data on return lines is inputted in the row of the Sensor RAM in 
order according to the scan. The data is entered even if there is no change in the status 
of the sensor matrix switches. Each switch position maps to a Sensor RAM position. 
CNTL and SHIFT signals are ignored. 


STROBE INPUT MODE 


D DB, D 


By DBe DBs B3 DBo2 DB DBo 


In this mode, the data on the return line is entered into the FIFO at the rising edge of | 


CNTL/STB signal. 
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10. INTERFACE WITH DISPLAY 
10.1 LEFT ENTRY 


In Left Entry mode, address 0 of the Display RAM is the left-most side of the display 
and address 15 (address 7 in the case of 8-character display) is the right-most side. 
When characters are inputted onto the Display RAM with the auto-increment mode 
from address 0 of the display RAM, Characters are filled from the left-most position of 
the display. The 17th (or 9th) character is placed in the left-most position again. 
Address of the display RAM corresponds directly to each display position of the display, 
and so its position does not change every entry. 


< Display RAM Address — 


Command 


14 
16th entry a aT entry il (ee 
(10010101) Entry from Address 5 with 
Auto increment mode. 
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10.2 RIGHT ENTRY 


In Right Entry, the first entry if from the right-most position. Address of the Display 
RAM does not correspond to the display position. 


<— Display RAM Address —> 
di 2 14. 15 0 


0 1 2 3 4 5 6 67 
istentry [TT feces ae Asbeptyy ei ce ape a 


2 3 15 0 1 2 8) mw Sh AG Fs re 
2nd entry “TT T1T 27] andenty Po P2T [ I. 1 11121 
Ces aaa, QO. 2 Command 2 3 4 #5 6 7 O 1 
ardenty [ | [ ie ee el el ee 


(10010101) Right Entry from Address 5 
with Auto-increment mode 


0 1 13. 14 15 


16th entry ioe sdenty [ | Tal 1 [+]2T 1 


en entry [23 athenty (_Ta]4— T1127 [1 


ethentry (4 [5 [6[2] | | 13 | 





3, 4 5 6 7 0 1 2 
a a eee 
ae ee ee ee 
3 [4 aE 
cence ecere 2 6 / 2 L a as 
Teereney Sthentry | 3 [4]5]41{/2] [ | 
ee ee ee 
EzRAE Ses ee eee 
2 3 4 5 6 7 0 1 
lothentry | 8 [9 | 10] 3 | 4] 5 | 6 | 7 | 


3 4 5 6 7 0 1 2 
inthentry [aw] ]4]5]6]7] 8) 
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11. ELECTRIC CHARACTERISTICS 
11.1 ABSOLUTE MAXIMUM RATINGS 


[ro | Powerdiipaton YS 


050489 


11.2 D.C. ELECTRICAL CHARACTERISTICS (Ta =0 to 70°C, Vcc = 5V t 10%, Vsg = OV) 


SYMBOL PARAMETER CONDITIONS 


Vind Input Low Voltage (RLg~RL7) 
V 

































) 
Output Low Voltage lop = 2.2mMA 
Output High Voltage (IRQ) loy = —100pA 
Output High Voltage (Others) | lon = —400pA 2. 


Input High Voltage (Others 
Nt 


es) 
BB] Oo 






Input Leak Current 


SHIFT,CNTLRLo~RU) | Vin=0V | 
Input Leak Current (Others) OVS VinSVec Lod 







Output Leak Current 0.45VSVout= Vcc 


050489 


11.3 INPUT CAPACITY 
Cs [ol 
| to | 20 | oF 


Input Capacity fe = 1MHz 
050489 









Pins returned to Vss. 


Unmeasured 
Output Capacity 
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11.4 A.C. ELECTRICAL CHARACTERISTICS (Ta =0 to 70°C, Vcc = 5.0V + 10%, Vs5 = OV) 


SYMBOL PARAMETER TEST CONDITIONS eseenomone| wn ed UNIT 


Address Set up Time (RD a ) 


Valid Data (RD 7) Cy. = 150pF 
Address to Valid Data C. = 150pF 
Data Floating (RD 7) 


Address Set up Time on 

Cia aes Tine EF) 
i irae wa 
[ow —[evesevprne 
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12. TIMING DIAGRAM 


Ds 


tAR trcy 
; tre tRA 
RD 
ieee tbe 
tad 
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Figure 12.1 Read Timing 


Ao, CS 





050489 


tow 


CLK 


tcy 
050489 


Figure 12.3 Clock Timing 
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DECODED SCAN 

SLo | | | | | | | | 

SLi | | | | | | | | 

SL2 | | | | | | | | 

ie | | | | | | | | 050489 

Figure 12.4 Scan Timing 
INTERNAL FREQENCY = 100KHz 
OH 1 §A0S = bAiCyC: <2 ees SO TCYC=] 10s 
SLo 


SL1 fl 
ce Co) GD Co GC 


BLANK CODE IS EITHER 
OOH OR FFH OR 20H. 









OUT Bo~3 


WRITE TO FIFO/Sensor RAM 
RLo LATCHED 


60s —> 
40s —> 


Note: Shown is encoded scan, left entry $L2, SL3 are SL1 divided by 2 and 4. 050489 


Figure 12.5 Example of Display 
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13. EXTERNAL DIMENSION 
13.1 40 PIN DIP EXTERNAL DIMENSION 
DIP40-P-600 


40 21 


O- 15° 





13.4402 








| 50.7.2 0.2 | 


~ 
OQ 





51 MIN|{ 3.52 
4.540 
+03 


Tae TYP : 


1.4+0.1 0.5+0.1 


0 


D2 0.25 W 
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Note: Each lead pitch is 2.54mm, and all the leads are located within +0.25mm from their 
theoritical positions with respect to No.1 and No.40 leads. 
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14. EXAMPLE OF APPLICATION CIRCUIT 


SHIFT 
KEYBOARD 
SETURN MATRIX 
LINE 8 
/ ___| 8 COLUMNS 


8 ROWS 









SHIFT CNTL 


7 8 
3 8 DECODER 
ez 
( 


LSB 3 BIT) 
4 


4— 16 DECODER 


BD 
OUTB9~3 OUTAg~3 16 
BLANKING ADDRESS - 
(DECODER) 


DISPLAY DATA 


DATA BUS 


CONTROL 


WrINO wero 
iS) 
i 
Oo 
LSS) 


ADDRESS 


CLOCK 











DISPLAY 


Le 
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Figure 14.1 Example of Application Circuit 
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CMOS PROGRAMMABLE PERIPHERAL INTERFACE 


TMP82C255AN-2 / TMP82C265AF-2 
TMP82C255AN-10 / TMP82C265AF-10 


1. GENERAL DESCRIPTION AND FEATURES 


The TMP82C255A/TMP82C265A is a CMOS high speed programmable input/output 
interface with six 8-bit I/O ports. The function is almost equivalent to TMP82C55A X 2. 
The TMP82C265A has the function that ports state are selectable immediately after 
reset by hardware either in input state or output state. 

The TMP82C255A has not this function. 

The TMP82C255A/TMP82C265A is fabricated using Toshiba’s CMOS Silicon Gate 

Technology. | 


(1) 48 programmable I/O terminals (8 bit X 6 ports) 
(2) The ports of TMP82C265A are capable to set to output after reset by hardware. 
(3) High Speed Version (TRD=100ns MAX’: TMP82C255AN-10/TMP82C265AF-10) 


(4) Low power consumption 3mA. Typ. 
10pA. MAX. (@5V stand-by) 


(5) Three operation modes (Mode 0, Mode 1, Mode 2) 
(6) Bit set/reset capability (PCo9 to PCg7, PCy19 to PC17) 


(7) All ports are capable of driving darlington transistors 
—2.5mA. Typ. @VEXT=1.5V, REXT=1.1kQ 


(8) Extended operating temperature : — 40°C to + 85°C 


(9) Two packages 


TMP82C255AN 64 PIN Shrink DIP 





TMP82C265AF 80 PIN Mini Flat Package 
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LLE-S8NdIN 





6817050 





OL-AVS9CIC8dINL/C-AVS9CICB8dINL 


PAO 


PCO 


PA1 


PC1 


| 
| 
| 
| 


1 
2 
3 
4 
5 
6 
7 
8 
9 





PAO 


PBO 


PB1 


PCI 


OL-NVSSCDZ8dINIL/C-NVSSCOC8dINL 


G 


(ASIA dOL) SNOILDSINNOD Nid 


VEIHSOL 


VS9CIC8dINL/VSSCIC8dINL 


8LE-S8NdIN 


R/W RESETAg A; CS1 CSO DBo GND Vcc 







© © 
READ WRITE CONTROL LOGIC DATA BUS BUFFER 


GROUP B GROUP A 
CONTROL CONTROL 
INTERNAL 8-BIT BUS 


i i 
1 i 
GROUP B GROUP A GROUP B GROUP A 


a) 

© 

=. 

seal 

me) 
i 

= 

a) 

i 

= 

ae 

ee) 
i 

= 


PORT C | PORT B PORT C | PORTA PORT C | PORT B PORT C | PORTA 


CE-EE- SEES 


€ 


VaIHsSol 


INV YOVIC ADO 14 


VSSCDC8dINL 


WS9ZDZSdINLL/WSSZDZBdINIL 


6LE-S8NdN 


RD WR RESETAp Ay (CS1SEL1 CSO SELo 


O © O © 
READ WRITE CONTROL LOGIC 


Pott c ccc oon en on ee 


BLOCK-1 


GROUP B GROUPA 
CONTROL i CONTROL 


| i 


GROUP B GROUP A 
PORT C ; PORT B PORT C | PORTA 





cond 


DB7~ 
DBo GND Vcc 


DATA BUS BUFFER 


BLOCK-0! 


GROUP B GROUPA 
: CONTROL : CONTROL 


GROUP B GROUP A 
PORT C | PORT B PORT C | PORTA 


PCO3= PBo7~ PCo7~ PAg7~ 
PCoo PBoo PCoa PAogo 
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PIN NAMES AND PIN FUNCTIONS 
Number | [Input/Output 
/0 3-state bidirectional 8-bit data bus. Used for data transfer with 
i Po 3-state 


MPU. Also, used for transfer of control words to this device and 
status information from this device. 
Pavr~PAw | 8 | 


PBo7~PBoo 
























There are two 3-state 8-bit |/O Port named PAO and PA1. Operation 
mode and input/output configuration are defined by software. Port 
A contains the output latch buffer and input latch. 








There are two 3-state 8-bit I/O Port named PBO and PB1. Operation 















| PBor~PBo0_ ae mode and input/output configuration are defined by software. Port 
A contains the output latch buffer and input latch. 

There are two 3-state 8-bit I/O Port named PCO and PC1. Operation 

mode and input/output configuration are defined by software. Port 

1/0 C can be divided into two 4-bit ports by the mode control and also, 

3-state used as the control signal for Port A and Port B. In this case, each 3 

PC17~PC19 bits of PCo9 to PCo2 and PC19 to PC12 are used for Port B control and 
each 5 bits of PCo3 to PCo7 and PC33 to PCy7 for Port A control. 

CS Chip select input. When the terminal CSO is at “L” level, data 

transfer between BLOCK-0 and MPU is possible. And when the 

Input terminal CS1 is at “L” level, data transfer between BLOCK-1 and 

ci MPU is possible. At “H” level, the data bus is placed in the high 


impedance state and control from the processor is ignored. 


Used for selecting Port A, B, C and the control registers. Normally, 
this terminal is connected to low order 2 bits of the address bus. 


Read signal. Only the TMP82C265A has this terminal. When this 
terminal is at “L” level, data or status information in this device is 
transferred to MPU. 


Write signal. Only the TMP82C265A has this terminal. When this 
terminal is at “L” level, data or control word is written into this 
device from MPU. 


READ/WRITE signal. Only TMP82C255A has this terminal. When the 
terminal CSO or CS7 is at “L” level, if this terminal is at “H” level, 
data or status information in this device is transferred to MPU. If 
this terminal is at “L” level, data or control word is written into this 
device from MPU. 


Only the TMP82C265A has these terminals. When SELo or SEL} is a 
“H” level, the ports are set to input state after reset, when it isa “L” 
level, the ports are set to output state after reset. If the terminals is 
at “L" level, the function is only capable to set to output state in 
mode 0. BLOCK-0O ports of block diagram is controled by SELo. 
BLOCK-1 ports of block diagram is controled by SEL}. 


Ao, Input 





Input 








Input 


ne 















S| 


Input 


SELo 
Input 
SEL} 






When this terminal is at “H™ level, all internal registeres including 
the control register are cleared, and the function turn out input 
state in mode 0 for the TMP82C55A and TMP82C265A with SELo or 
SEL; “H” level. THe function turn out output state in mode 0 for the - 
TMP82C265A with SELo or SEL; “L” level. Each BLOCK of 
TMP82C265A is capable to set to different mode by SELo and SEL}. 
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RESET 


— 


Input 
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as ee 
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DESCRIPTION OF BASIC OPERATION 
TMP82C255A FUNCTIONS AND FEATURES 


The TMP82C255A is a programmable peripheral interface consisting of Block-0 and 
Block-1 each of which has 8 sets, total 6 sets of 8-bit ports (PAO, PB0O, PCO, PA1, PB1 and 
PC1) each of which has 2 built-in control registers. 

Block-0 and Block-1 have the independent chip select input terminals CSO and CS1, 
respectivery. Data buses D7-Do, address input terminals Aj and Ap, RESET input 
terminals, and R/W terminal are commonly used by Block-0 and Block-1. 

Read and Write functions are controlled by one R/W terminal and therefore, RD and 
WR signals and address must be synthesized and connected to the R/W, CSO and CS1 
terminals. 

Total 24 ports input/output terminals each of Block-0 and Block-1 are divided into 12- 
bit group A and Group B. Group A consist of upper 4 bits of Ports A and Port C, while 
Group B consists of lower 4 bits of Port B and Port C. Each group is programmable 
independently by control word from MPU. Three operation modes are available; Mode 0, 
Mode 1 and Mode 2. In mode 0, it is programmable to use 28-bit input/output ports as 


the input or output port independently. In Mode 1, the input/output ports are divided 


into group A and Group B. In each group, 8 bits are used for the input or output port and 
the remaining 4 bits are used as the control signal. Mode 2 is applicable only to Group A 
and 12 bits are used for 8-bit two-way bus and 5-bit control signal. Further, when port C 
is used as the output port, any bit of port C can be set/reset. There are two control 
registers; one is used for mode setting and the other is used for bit seting/resetting. The 
control register cannot be read. Further, when the reset input becomes “H” level, the 
input/output internal registers are all reset and all the input/output terminals are 
placed in Mode 0 and input Mode (high impedance state). 
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TMPZ84CO00A TMP82C255A 


=) eats [to 
= 
bs 
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Figure 5.1 Connecting example of TMPZ84C00A and TMP82C255A 


In case of the TMP82C255, the read operation is controlled by the terminals CSO or 
CS1 when the R/W terminals is at “H” level and therefore, there is no AC electrical 
characteristics for rise and fall of the RD terminal but anf fall of the CSO or CS1 
terminal are controlled. 

The write opertion is controlled by the terminal CSO or CSI when the R/W is at “L” 
level. Further, the maximum control of the setup time TWC of the CSO or CSI for fall of 
R/W terminal and the hold time Two of the CSO or CS1 for the rise of R/W terminal is 
added. This is because the CSO or CSI terminal controls the read operation when the 
R/W is at “H” level. 
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9.2. TMP82C255A BASIC OPERATION 


9.3 


5.4 


Basic operation of the TMP82C255A for BLOCK-0. PCO are as shown in Table 5.1. 
Table 5.1 Basic Operation for Block-0 of the TMP82C255A 


x 1 x x 


Set to all ports (six ports) input state in mode 0. 
Ports terminals are in High Impedance state. 
Data Bus <— PAO 

Data Bus <— PBO 

Data Bus <— PCO 

PAg << Data Bus 

PBo << Data Bus 

PCg << Data Bus 

Control register for BLOCK-0 <— Data Bus 
Inhibition of combination 

Non active 


x 


op ee <> er GD ee GD ae GD Bae GD Dk GP a GD ED) 
xX - =| = OO -> AO OO 
x - = O- OO = CO 
KX - OoO0o0°oT7eo- — = 


0) 
0 
0 
0 
0 
0 
0 
0 
1 
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Basic Operation for BLOCK-1 of the TMP82C255<A is equal to the one shown in Table 
5.1. BLOCK-1 is selected when CS1=0. 


TMP82C265A FUNCTION AND FEATURES 


The TMP82C265A can be set to general mode when the terminal SELo or SEL is 
fixed at “H” level and to the output mode when it is fixed at “L” level. 

In the general mode, the TMP82C265A has the functions similar to those of the 
TMP82C55A but for the WR and RD functions, the independent RD and WR terminals 
are provided as in the former TMP82C255A unlike R/W 1 terminal in the TMP82C255A. 
Therefore, the TMP82C265A operates when connected in the same connecting method 
as before. | 

In the output mode, all ports of the TMP82C265A are set in “L” output state in mode 0 
after reset. Further, even when the write operation is made in any mode, the ports are 
set in output state in mode 0, and “L” level signals are output from the ports. 


TMP82C265A BASIC OPERATION 


Basic operation of the TMP82C265A in the general mode (the terminal SELo-SELy is 
“L” level) is equal to that of the TMP82C255A. 

Basic operation for BLOCK-0 of the TMP82C265A in the output only mode (SELo: 
“L” level) is as shown in Table 5.2. 
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Table 5.2 Output Mode Basic Operation for Block-0 of the TMP82C265A 


Sem eo [Reset] or [A [A [RO [WR] ‘function 


Set to PAQ, PBO and PCO ports “L” level output state 
in mode 0 

PAO, PBO and PCO ports “L” level output state in 
mode 0 set command 


Bit set/reset control 
PAQ < Data Bus 
PBO << Data Bus 
PCQ < Data Bus 
Data Bus <— PAO (Read the terminal state) 
Data Bus <— PBO (Read internal output latch) 
Data Bus < PCO (Read internal output latch) 
050489 
A: The output only mode is maintained when SELpg is either in “L” or “H” level if set to the output 
state. 
However, if the RESET terminal is set to “H” level or mode is written when SELp is at “H” 
level, the output mode is changed to the general mode. 


Basic operation of the TMP82C265A for Block-1 is equal to that shown in Table 5.2 
but the control is made by the terminal SEL, and Cs1. 
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6. 


66.4 


DETAILED OPERATIONAL DESCRIPTION 


The operation of the TMP82C255A and TMP82C265A in the general made is 
described in detail. Further, the operation is described for Block-0. Block-1 has the 
same functions as those of Block-0 and therefore, it is omitted. 

The operation of the TMP82C265A in the output mode is considered to be a special 
case of the description for the general mode provided below, in which the TMP82C265A 
has been set in the output state in mode 0 from immediately after reset irrespective of 
command input and therefore, the description is omitted here. 


MODE SELECTION 


There are three basic modes of operation that can be selected by control words. 
Mode 0- Basic I/O (Group A, Group B) 
Mode 1 - Strobe input/Strobe output (Group A, Group B) 
Mode 2 - Two-way bus(Port A only) 

Operation modes for Group A and Group B can be independently defined by the 
control word from the MPU. If D7 is set to “1” in writing a control word into the PPI, on 
operation mode is selected, while of D7= “0” , the set/reset function for Port C is 
selected. 
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6.1.1 Control Word to Define Operation Mode 


Figure 6.1 shows the control words to define operation mode of the TMP82C255A/ 
TMP82C265A. 


Control Word 


i | Groupacontrol_ | Group BControl__| 
[Br | De | Ds | Ds | Os | Oz | O% | Do | 


Input/output selection of 
low order 4 bits of Port C 
‘0’ = Output 

‘7’ = Input 


Input/output selection of 





Port B 
‘0’ = Output 
‘1’ = Input 


Mode selection of Group B 
‘0’ = Mode 0 
‘1'=Mode 1 


input/output selection of 
high order 4 bits of Port C 
‘0’ = Output 

‘1° =Input 





Input/output selection of 


PortA 
‘0’ = Output 
=Input 





Mode Selection GroupA 


‘0’ = Mode 0 
De Ds 
0 0 = ModeO 
1 = Designation of mode set flag : 1 = iia 
x = Mode 
x:  Don'tcare 
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Figure 6.1 Control Word for Mode Selection 


MPU85-327 


TOSHIBA TMP82C255A/TMP82C265A 


6.1.2 Port C Bit Set/Reset Control Word 


Any bit of 8 bits of Port C can be set/reset by Port C bit set/reset control word. Figure 
6.2 shows the Port C bit set/reset control word. 


Control Word 
Cor [es [os |e [os [oe [| bo 


Bit set/reset selection 







Don't care 


“O" = Reset 
ae “ = Set 
Bit set/reset flag 
“Q" = Active 
Bit selection 
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Figure 6.2 Control Word for Bit Set/Reset 

6.2 OPERATION MODES 

6.2.1 Mode 0 (Basic I/O) 


This functional configuration is used for simple input or output operations. No 
‘handshaking’ is required and data is simply written to or read from a specified part. 
Output data to the ports from MPU are latched out but input data from the ports are not 
latched. 

In Mode 0, 24 I/O terminals are divided into four groups of Port A (8 bits) , Port B (8 
bits) , high order 4 bits of Port C and low order 4 bits of Port C. Each port can be 
programmed to be input or output. The configuration of each port are determined 
according to the contents of Bit 4 (D4) , 38 (Dg) , 1 (D1) and 0 (Dog) of the control word for 
mode selection. 

The I/O configuration of each port in Mode 0 are shown in Table 6.2. 


MPU85-328 


TOSHIBA TMP82C255A/TMP82C265A , 


6.2.2 Mode 1 (Strobe I/O) 


signals or ‘handshaking’ signals. Port C is used to control Port A or Port B. 


-—- 42 392 os 3 32 ss m2 OCOOoodrcieodndaoooaoo 





Table 6.2 Port definition in Mode 0 


Port C Port B Port C 
(PCo7~PCoa) (PCo3~PCoo) 





- -—- Ooo - ano aoa - = Oo 
— CO ne © - C0 = CO —-|- CO =|] OC —- CO | CO 


0 
0 
0 
0 
1 
1 
1 
1 
0 
0) 
0 
0 
1 
1 
1 
1 
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In Mode 1, input/output of port data is performed in conjunction with the srtobe 


The basic operatings in Mode 1 are as follows: 
Mode 1 can be set for two groups of Group A and Group B. 
Fach group consist of 8-bit data port and 4-bit control/data port. 


The 8-bit data port can be set as input or output port. 





The control/data port is used as control or status of the 8-bit data port. 


When used as the input port in Mode 1: 


STB (Strobe Input) 


At “0”, input data is loaded in the internal input latch in the port. 
In this case, a control signal from MPU is not concerned and data is input from the 
port any time. This data is not read out on the data bus unless MPU executes an 


input instruction. 
IBF (Input Buffer Full F/F Output) 


When data is loaded in the internal input latch from the port, this output is set 
to “1”. IBF is set (“1”) by STB input being reset and is reset (“0”) by the rising edge 
of RD input. 
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e  INTR (Interrupt Request Output) 


Used for the interrupt process of data loaded in the internal input latch. When 
STB input is at “0” if INTE (INTE flag) in the PPI is in the enabled state (“1”) , IBF 
is set to “1”. INTR is set to “1” immediately after the rising edge of this STB input 
and reset to “0” by the falling edge of RD input. 

The INTE flags of Group A and Group B are controlled as follows: 

INTEA — Control by bit set/reset of PCo4 
INTEB — Control by bit set/reset of PCoe 


(2) When used as the output port in Mode 1: 
e OBF (Output Buffer Full F/F Output) 


This is a flag which shows that MPU has written data into a specified port. OBF 
is set to becomes “O” at the rising edge of WR signal and is set to “1” at the falling 
edge of ACK (Acknowledge input) signal. 


e ACK (Acknowledge Input) 


ACK signal is sent to the PP1 as a response from a peripheral device that 
received data from the port. 


® INTR (Interrupt Request Output) 


When a peripheral device received data from MPU, INTR is set to “1” and the 
interrupt is requested to MPU. If ACK signal is received when INTE flag is in the 
enable state, OBF is set to “1” and INTR signal becomes “1” immediately after the 
rising edge of ACK signal. Further, INTR is reset at the falling edge of WR signal 
when data is written into the PPI by MPU. 

The INTE flags of Group A and Group B are controlled as follows: 

INTEA — Control by bit set/reset of PCog 
INTEB -— Control by bit set/reset of PCog 
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MODE 1 (PORT A) 


CONTROL WORD 


Dy (De Des Dy Ds: Dax Di “DG 





PCog, PCo7 —— 
0 = OUTPUT RD—.a 


1 = INPUT 


CONTROL WORD 
Dy Dg Ds Dg Dz Do D1 Do 


TxD [xe TT 


RD—»d 
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Figure 6.3. Example of Strobe Input in Mode 1 


MODE 1 (PORT A) 


CONTROL WORD PAg7 ~ PAgg 


D> Dg D5: Da De- Dz Dy Dog 





Plea, PCs = OBF 
0 = OUTPUT WR —-——> 
= INPUT 
ACK | 
CONTROL WORD -INTR 
Die Dee De Oe Dy. Dads 
fifx[x[x]x]rfol x] PORT — 
ouput KX 
WR—> 
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Figure 6.4 Example of Strobe Output in Mode 1 
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PAg7 ~ PAgo 


WR-—-d PCo7 OBFA RDB—>d PCoq ~<—STBA 










CONTROL WORD PCo¢ |< ACKA CONTROL WORD PCos 











D7 Dg Ds Dg D3 Dz Dy Do INTRA D7 Deg Ds Dg D3 Dz Dy Do PCo3 INTRA 
ft fofsfo jrvolt fit Lt fo [1 [t fuel t fo] x | 
> 1/0 PCa PChe 1/0 
PCoq, PCos PBo7 ~ PBoo [<7 PCog, PCo7 PBo7 ~ PBoo 
QO = OUTPUT __ —— 0 = OUTPUT __ _— 
t= INPUT =RD~ 4 PCo2 |<— STBB 1= INPUT WR—>q PCo1 OBFB 
IBFB PCo2 [*— ACKB 
INTRB PCoo INTRB 
PORT A - (STROBE OUTPUT) PORT A - (STROBE INPUT) 
PORT B - (STROBE INPUT) _ PORT B - (STROBE OUTPUT) 
050489 
Figure 6.5 Example of Port A Output, Figure 6.6 Example of Port A Input, 
port B Input in Mode 1 Port B Output in Mode 1 


6.2.3 Mode 2 (Strobed Bidirectional Bus I/O) 


In this mode, Port A is used as 8 bits bidirectional bus for data transfer with a 
peripheral device. This mode is applicable only to Group A, which consists of an 8-bit 
bidirectional bus (Port A 8-bit) and 5-bit control signals (high order 5 bits of Port C). The 
bidirectional bus (Port A ) has both the internal input and output registers. When group 
A is set in Mode 2, Group B can be set independently. There are 5 control signals as 
follows when Group A is used in Mode 2. 


e OBF (Output buffer Full F/F Output) 


When MPU writes data into of Port A, OBF is set to “O” to inform a peripheral 
device that the PP] is ready to output data. However, Port A is kept in the floating 
(high impedance) state until ACK input signal is received. 


e ACK (Acknowledge Input) 


When ACK signal is set to “0”, the data of the 3-state output buffer of Port A is 
send out. If ACK signal is at “1”, Port A is in the high impedance state. 


6 STB (Strobe Input) 


When STB input is set to “0”, the data from peripheral devices are held in the 
input latch. When the active RD signal is input into the PPI, the latched input 
data are output on the system data bus (D7-Dg). | 
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é IBF Unput Buffer Full F/F Output) 
When data from peripheral devices are held in the input latch, IBF is set to “1”. 


e INTR (Interrupt Request Output) 


INTR is the output to request the interrupt to MPU and its function is the same 
as that in Mode 1. There are two interrupt enable flip-flop (INTE), INTE1 
corresponds to INTEA in Mode 1 output and INTE2 to INTEA in Mode 1 input. 


INTE 1— Used to generate INTR signal in conjunction with OBF and ACK 
signals, and is controlled by PCog bit set/reset. 


INTE2 -— Used to generate INTR signal in conjunction with IBF and STB 
singals, and is coutrolled by PCog bit set/reset. 


Figure 6.7 shows the operating example and the timing diagram in Mode 2. 


INTRA 
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Figure 6.7 Oerating example in Mode 2 
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Control Word in Mode 2 
D7 Dé D5 Da D3 D2 D1 Do 





PCo2~PCoo 0 = Output 
x =Don’'t care 1=Input 
Port B 0 = Output 
1 =Input 
Group B Mode 0 = Mode 0 
1 =Mode 1 


Figure 6.8 Control Word and Configuration in Mode 2 









Control Words PCo3 INTRA 
P ~P 
D7 Dg Ds D4 D3 D> Dy Do Co7~PCoo 
| PCo7 OBFA 






PCo6 | ACKA 
PCo4 |\~--— STBA 
PCos 







PCoz~PCoo 
QO = Output 
1 = Input 


| 







PCo2~PCogo 






PortA - Mode2 1{/O 
PortB - ModeQ Input 












PCo3 INTRA 
PCo7~PCoo 
PCo7 
PCo6 
PCo4 
PCo5 
PBo7~PBoo 
PCo1 
PCo2 
PCoo 


Control Words 
D7 D¢é Ds Da 





8 
<> 





D Do 


D3 D2 
Sete Sears eee 


OBFA 
== ACKA 
~<—— STBA 
IBFA 












OBFB 
~— ACKB 
INTRB 





Z| 2 






PortA - Mode2 1/O 
PortB - Mode1 Qutput 


Figure 6.9 Example in Combination with Mode 2 and Other Mode 
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6.2.4 Precautions for use in Mode 1 and 2 


When used in Mode 1 and 2, bits which are not used as control or status in Port C can 
be used as follow. 

If porgrammed as the input, they are accessed by normal Port C read. 

If porgrammed as the output, high order bits of Port C (PCg7-PCo4) are accessed using 
the bit set/reset function. As to low order bits of Port C (PCo3-PCog), in additions to 
access by the bit set/reset function, 3 bits only can be accessed by normal writing. 


6.3. READING PORT C STATUS 


When Port C is used as the control port, that is, when Port C is used in Mode 1 or 
Mode 2, the status information of the control word can be read out by a normal read 
operation of Port C. 


Table 6.3 Status Word Format of Port C 


ee 
Mode 1 Input BFA INTRA | janes | ere | | INTRE 
rate at een eae 
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7. 
Ta 


ELECTRICAL CHARACTERISTICS 
ABSOLUTE MAXIMUM RATINGS 


ee en ere 
Ca 
Tsoi | sotringTenperaureGiosed ————=SSC~dCSCi; 
Frere [operating temperature ———SS~—~idtC mes Pe 


TOPR 
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7.2 DCELECTRICAL CHARACTERISTICS 


TA= —40°Cto + 85°C, Vec =5V t 10%, Vg = OV 


Input jinputLow Voltage jinputLow Voltage 


| Input Leak Current +10 pA 


Output Leak Current 
| OSV =V 

| Darlington Drive VexT = 1.5V 

DAR | Current Rext = 1.1kQ 
a 










Operating Supply |/O cycle Time 
Current Tysec 


Vi >Vcc-0.2V 
Vip <0.2V 
CS>Vecc -0.2V 


















Stand-by Supply 
Current 
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* Total current of all darlington drive ports must not exceed 60mA. 
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7.3. CAPACITANCE 
TAS25-C,. Vce= Ves= OV 


Symbol Test Condition Min. 





Input Capacitance f=1MHz 
[/O Capacitance (+ 





050489 
(*): All terminals except that to be measured should be earthed. 


7.4 AC ELECTRICAL CHARACTERISTICS (1/2) 
TA= -40°C to +85°C, Veco =5V 410%, Vg = OV | 


Symbol Parameter Ld Unit 


ex AdseessetupineterRoen—CSC~“‘drSCi dS 
ten [aderesshoistinetorROrse ——~S~*dSCi) 
an [FB putewith ——SSSCS~*~Y«C OY |] 
[wo [Delay fem RO altodecdeddateoue | — | 0) — | 100] os | 
[tor [Time fom AOrsetodetebusfostng | 0] «| 0] a0] ws 
[av [Tine tom RB orWArseonestROorWiTai | 200] — | 160) — | ws | 
aw [adaressetuprimetorwmrn —_——~|-z0/ — | 20| — | ms 


ee ere ere 
r 
Delay from WR rise to decided data output 
nae 

e 

so | = [seo] = oe 
a0] 

eon 

Pe 





















© 
—_— 
© 
© 
ie 
nn 





NO 
© 
W 
OT 
© 


NO 
© 


Port data set-up time for STB rise 
Port data holding time for STB rise 1 
Delat from ACK fall to decided data output Delay 


Time from ACK rise up to port 
(Port in Mode 2) floating 


Delay from WR rise to OBF fall 
Delay from ACK fall to OBF rise 
Delay from STB fall to IBF rise 


ui 
Oo 





RO 
O1 
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AC ELECTRICAL CHARACTERISTICS (2/2) 


Symbol Parameter 
Min. ax. 


Delay from RD fall to IBF rise 
Delay from RD fall to INTR fall 
Delay from ACK rise to INTR rise 300 







Cc 


nit 


=) 
n 


> a) 
nn n w wn n n 


a) 





=) 


a 


5 


5D 
n 








a) 
wn 


5S 
Ww 


a 
wn 


> 
Ww 


=> 
wn 


5S 
nn 


=) 
wn 







a) 
2) 


Dekay from CSO, CSI fall to INTR fall Delay SS 400 
RESET pulse width so0| — | 


Note 1: 
A-2 : TMP82C255AN-2, TMP82C265AF-2 
A-10 : TMP82C255AN-10, TMP82C265AF-10 
Note 2: 
Following AC specifications of TMP82C255A are applied to the logical AND timing between 
R/W terminal and CSO or CS1 terminal. 


if | Ww — pilwlwinlwIiSs 
O1o Wn Rio atu} o lo] oro 
Oro oO a a eo O1o;o0|;o0}o]~x 


wi = 
© (ea 
© oO |] © 


a) 
Ves 
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Note 3: 
AC Measuring Point Input Voltage Vyq=2.4V, Vj, =0.45V 
Output Voltage Voy =2.2V, VoL=0.8V 
CL=150pF. : 
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8.1 TMP82C255A TIMING DIAGRAM (1) 


MODE 0 INPUT OPERATION 


R/W 
tec 
CSO, CS1 
tic tHC 
INPUT a eee (ees 
iienibremrenee 
Ai, Ao ‘a a eee aa 
D7~Dpy === === == === === > - - = 
tcp tpFc 
MODE 0 OUTPUT OPERATION : 
R/W wn 
een Ages __tcw __, twec 
$0, CS$1 
= tww_or tcc 
R/W and 


(CSO or CS1) 
two 
D7~Do aoe = 


taw twa 
Ar, Ao ee ee ee 
OUTPUT ae 
Oe ee WUE 
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Figure 8.1 TMP82C255A Timing diagram (1) 
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MODE 1 INPUT OPERATION 


tps tPH 
cen eee pe eae Sirs 
Nee Niece 
DATA { ae: 
tsT 
eee ( seeemtemetremsnantrtee Re 
STE a 
ts1B 
IBF 
tsiT teit tc1B 
INTR | 

cso, CS1 
R/W 


MODE 1 OUTPUT OPERATION 


pee eat see _tcw , twe 
$0, CS1 
tww 
= (perenne 
R/W 
twit twos taiT 
INTR . 
OUTPUT Ecc! 
PORT DATA x 
{we tacos 
OBF 
ACK 
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Figure 8.1 TMP82C255A Timing diagram (2) 
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MODE 2 BIDIRECTION 
OPERATION 


R/W 


tww 


oe) 
TH 


> 
O 
A 


PERIPHERAL 2 
BUS 
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Figure 8.1 TMP82C255A Timing diagram (3) 
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8.2 TMP82C265A TIMING DIAGRAM (1) 


MODE 0 INPUT OPERATION 





tRR 
RD 
tir THR 
ee 
INPUT ae eee Ae 
Fea Fan fete cin ert oe el 
CS1, CSO 
Ai, Ao = ae ae 
Dy~Dp == ----~------ (> - - -- 
tro tpF 
MODE 0 OUTPUT OPERATION 
—_ tww 
WR 
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Figure 8.2. TMP82C265A Timing diagram (1) 
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MODE 1 INPUT OPERATION 


tps tPH 
pa Sees 
See peed 
DATA \ fescue 
tsT 

= a ee ee Re 

STB a 

tsiB 


IBF 
tsit tRiT trip 
INTR | } 


ene 
RD 


MODE 1 OUTPUT OPERATION 





tww 
—— La 
WR 
tWIT twos tAIT 
INTR 
OUTPUT y 
PORT DATA ae a 
‘we taoB 

OBF 

ACK 





050489 


Figure 8.2 TMP82C265A Timing diagram (2) 


MPU85-343 


TOSHIBA 


TMP82C255A/TMP82C265A 


MODE 2 BIDIRECTION OPERATION 





ACK 


PERIPHERAL 
BUS 
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Figure 8.2. TMP82C265A Timing diagram (3) 
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9. OUTLINE DRAWINGS 
SDIP64-P-750 


Unit: mm 


os 
WO 
4 
~ 
Uv 





Z°0+ 9°25 











O° 15° 


160289 


Note: Each lead pitch is 1.78mm, All leads are located within 0.25mm of their trve longitudical 
position with respect to No.1 and No.64 leads. 
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QFP80-P-1420 


Unit: mm 









€°0+9 61 
f€0+0 VL 


20.0+0.2 





25.6+0.3 


0.8TYP 


XWAIS OE 


$< —_—_____—_—. 


f0+L°2 
[| 








St°0+S2°0 


1.63 0.2 


——_—_—————_Y 


Anb at i 
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Richardson, TX 75081, U.S.A. S-161 15 Bromma Sweden) Tel.: 86-21- 4334077 86-21-4334131 
Tel.: (214) 480-0470 Fax: (214) 235-4114 Fax: 86-21-4333928 
Fishkill Sales Office Toshiba Electronics France SARL Bangkok Office 
RR 1 Box 6E, Windsor Park, Immeuble Robert Schumann, 3 Rue de Rome, 8/F, Thai Wah Tower, 21/20 South Sathorn Road, 
Fishkill, NY. 12524, U.S.A. 93561 Rosny-Sous-Bois Cedex Tungmahamek, Yannawa, Bangkok 10120, Thailand 
Tel.: (914) 896-6500 Fax: (914) 297-6851 Tel.: (1) 48 94 20 20 Fax: (1) 48 94 51 15 Tel.: (2) 240-9447 Fax: (2) 240-9446 
Boca Raton Sales Office Teles: 232 030 
1200 N. Federal Highway Suite 407, 
Boca Raton, FL 33432, U.S.A. Toshiba Electronics Italiana S.R.L. 
Tel.: (305) 394-3004 Fax: (305) 394-3006 Centro Direzionale Colleoni Palazzo Orione- 
Detroit Office Ingresso 3 (3° Piano) 20041 Agrate 
1000 Prudential Town Center, Suite 2160, Brianza (Milano), Italy 
Southfield, Ml 48075, U.S.A. Tel.: 039-6057234 Fax: 039-6057252 
Tel.: (313) 827-7700 Fax: (313) 827-4444 Telex: 326423 SIAVBC 
Portland Field Office 
1700 NW 167 Place, Suite 240, Toshiba Electronics Espana, S.A. 
Beavertown, OR 97006, U.S.A. Torres Heron Plaza Colén No. 2. Torre II, 
Tel.: (503) 629-0818 Fax: (503) 629-0827 Planta 6-Pte-2, 
Marlton Field Office 28046 Madrid, Spain 
One Greentree Center, Suite 201, Tel.: (1) 53-25-846 Fax: (1) 41-91-266 
Marlton, NJ 08053, U.S.A. Telex: 44672 TOSHE (E) 


Tel.: (609) 985-3737 Fax: (609) 596-8359 





| OVERSEAS OFFICES 


Sao Paulo: Beijing: Guangzhou: 
Toshiba Brasileira Representacoes Ltda. Toshiba Corporation Beijing Office Toshiba Corporation Guangzhou Office 
Av., Paulista, 807, 21 Andar Cjto 2106, Room 1622/1624 Beijing Hotel, Dong Chang An Jie, Room 1161-1162 China Hotel, Office Tower, Liu Hua, Lu, 
Cerqueira Cesar, Beijing, The People’s Republic of China Guangzhou, The People’s Republic of China 
Cep. 01311-Sao Paulo-S.P.-Brasil Tel.: (01)55-4179, 4768 Fax: (01)513-7019 Tel.: (020)677420, 677800 
Tel.: 283-4511, 4714, 4964 Fax: (11) 251-4104 Telex: 22807 TOSPK CN Cable: TOSHIBA PEKING Fax: (020)67-7427 Telex: 44585 TSBGZ CN 


Cable: TOSHIBA GUANGZHOU 





| MANUFACTURING SUBSIDIARIES AND JOINT VENTURES | 





Toshiba America Electronic Components, Inc. Industria Mexicana Toshiba, S.A. Toshiba Electronics Malaysia Sdn. Bhd. 
Microelectronics Center Calzada de Guadalupe, No. 303, Cuatitlan, 42057 Telok Panglima, Grang, 15KM Klang-Banting 
1220, Midas Way, Sunnyvale, CA 94086, U.S.A. Edo de Mexico, Mexico Road, Kuala Langat Selangor, Malaysia 
Tel.: (408) 739-0560 Fax: (408) 746-0577 Tel.: 5-65-00-88 Telex: 017-72-560 Tel.: 03-352-6001-7 Fax: 03-352-6139 
Telex: 346378 Cable: Toshiba Mexico Telex: TOEL MA 39506 

. ; Penang Branch Office 

Toshiba Display Devices Inc. Toshiba Semiconductor G.m.b.H. Lot 2.08 2nd Floor, Wisma Chocolate Products, 
Westinghouse Circle, Horseheads, New York Grotrian-Steinweg Str. 10, 3300 41 Adoo Sittle Lane Panany 10400, Malaysia 
14845, U.S.A. Braunschweig, F.R. Germany Tel.: 04-368523, 04-368529 Fax: 04-368515 
Tel.: (607) 796-3500 Fax: (607) 796-3564 Tel.: (0531) 31-0060 Fax: (0531) 31006139 Kuala Lumpur Branch Office 

Telex: 952368 TSCD 6th Floor, Main Tower Block, Wisma Mcis, Jalan Barat 


46200 Petaling Jaya, Malaysia 
Tel.: 03-7565561 Fax: 03-7565409 


Toshiba Display Devices (Thailand) Co., Ltd. 
201 Vibhavadee Rangist Road, Ladyao Sub-district, 
Bangkhen District, Bangkok 
Tel.: (2)513-4260 Fax: (2)513-4260 


9003 








The information in this guide has been carefully checked and !s believed to be reliable, however 
no responsibility can be assumed for inaccuracies that may not have been caught. 
All information in this guide is subject to change without prior notice. Futhermore. 
Toshiba cannot assume responsibility for the use of any license under the patent nghts of Toshiba or any third parties 


TOSHIBA 


TOSHIBA CORPORATION 
INTERNATIONAL OPERATIONS—ELECTRONIC COMPONENTS 


1-1, SHIBAURA 1-CHOME, MINATO-KU, TOKYO, 105-01, JAPAN 
Tel.: (03)457-3495 Fax: (03) 451-0576 Telex: J22587 
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TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 


REGIONAL SALES OFFICES 
NORTHWEST REGION CENTRAL REGION EASTERN REGION 
1220 Midas Way One Parkway North 25 Mall Road 
Sunnyvale, CA 94086 Suite 500 5th Floor 
TEL: (408) 737-9844 Deerfield, IL 60015-2547 Burlington, MA 01803 
FAX: (408) 737-9905 TEL: (708) 945-1500 TEL: (617) 272-4352 
FAX: (708) 945-1044 | FAX: (617) 272-3089 
TWX: 29-7131 TWX: 710-321-6730 


SOUTHWEST REGION 
15621 Redhill Ave. 


Suite 205 SOUTHCENTRAL REGION SOUTHEAST REGION 
Tustin. CA 92680 777 E. Campbell Road Waterford Centre 
ie ear? ees ee oie TEL: (714) 959-0368 Suite 650 5555 Triangle Parkway 
————— g Richardson, TX 75081 . Suite 300 
FAX: (714) 259-9439 TEL: (214) 480-0470 - Norcross, GA 30092 
FAX: (214) 235-4114 TEL: (404) 368-0203 


FAX: (404) 368-0075 
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